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Reziumeé

Disertacijoje nagrin¢jamos tvariosios maisto sistemos plétros problemos Europos
Sajungos (toliau — ES) ilgalaikés kaimo vizijos kontekste, atsizvelgiant j Lietuvos
atvejus. Tyrimo objektas — Lietuvos maisto sistemos tvarumo dimensijos:
ekonominé, socialing ir aplinkos. Sios dimensijos analizuojamos, remiantis
tokiais indikatoriais kaip: tiekimo grandiniy gyvybingumas (angl. Supply Chains
Viability, toliau— SCV) (ekonominé dimensija), ly¢iy lygybé (angl. Gender
Equality, toliau — GE), karty kaita (angl. Generational Change, toliau — GC) (so-
cialiné dimensija), vandens pédsakas ir maisto praradimai (angl. Food Waste,
toliau — FW) (angl. Water Footprint, toliau — WF) (aplinkos dimensija).

Tvariosios maisto sistemos plétros aktualuma apibréZia jos svarba apriipinant
visuomeng prieinamu, saugiu ir sveiku maistu, jos jtaka aplinkai ir kaimo vietoviy
socialinei ekonominei struktiirai. Todél, tvariosios maisto sistemos plétra yra vie-
nas is ES ilgalaikés kaimo vietoviy vizijos prioritety, siekiant, kad ES kaimo vie-
tovés bty stipresnés, sujungtos, atsparios ir klestin¢ios. Pagrindiniy tyrimo ob-
jekty analizé leidzia pasitilyti sprendinius tvariosios maisto sistemos plétrai
uztikrinti.

Disertacinio darbo tikslas — sukurti ir empiri$kai aprobuoti metodika, skirtg
maisto sistemos tvarumui vertinti. Sitiloma metodika ne tik jvertina maisto siste-
mos tvarumo aspektus, bet ir padeda skatinti tvariosios maisto sistemos plétra.
Sukurta metodika gali biti pritaikyti finansinéms ir administracinéms intervenci-
joms, siekiant $velninti ar eliminuoti esamas tvariosios maisto sistemos plétros
problemas ir jy sukeliamus neigiamus efektus tiek Lietuvoje, tiek kitose ES Sa-
lyse.

Disertaciniame darbe taikoma misrioji metodika, jungianti apklausas, statis-
ting analize, ekspertinius vertinimus, daugiakriterius sprendimy priémimo meto-
dus. Si metodika leidzia sistemiskai ir i$samiai i$nagrinéti tvariosios maisto siste-
mos plétros problematika ekonominiu, socialiniu ir aplinkosauginiu aspektais ir
skirtingais valdymo lygmenimis. Daugiakriteris metodas paprastasis adityvusis
svérimas (angl. Simple Additive Weighting) su Monte Karlo simuliacija buvo tai-
komas maisto sistemos tvarumo ekonominei dimensijai vertinti.



Abstract

The dissertation examines the problems of sustainable development of the food
system in the context of the long-term vision of the countryside in the European
Union (EV), considering the case of Lithuania. The object of the study is the sus-
tainability dimensions of the Lithuanian food system: economic, social, and envi-
ronmental. These dimensions are analyzed based on indicators, such as the viabil-
ity (economic dimension) of supply chains, gender equality and generational
change (social dimension), water footprint, and loss of misto (environmental di-
mension).

The relevance of the sustainable development of the food system is defined
by its importance in providing society with accessible, safe, and healthy food, its
impact on the environment, and the socio-economic structure of rural areas.
Therefore, developing a sustainable food system is one of the priorities of the
EU’s long-term vision for rural areas, ensuring they are stronger, connected, re-
silient, and prosperous. The analysis of the main objects of research helps to offer
solutions to ensure the development of a sustainable food system.

The dissertation aims to develop and empirically approve a methodology for
assessing the food system’s sustainability.

The proposed methodology not only assesses the sustainability aspects of the
food system but also helps to promote the development of a sustainable food sys-
tem. The developed methodology can be applied to financial and administrative
interventions to mitigate or eliminate the existing problems of sustainable devel-
opment of the food system and the negative effects they cause in Lithuania and
other EU countries.

The dissertation applied a mixed methodology, combining surveys, statistical
analysis, expert assessments, and multi-criteria decision-making methods. This
methodology makes it possible to systematically and thoroughly examine the
problems of sustainable development of the food system from an economic, so-
cial, and environmental point of view and at different levels of governance. The
multi-criteria method of simple additive weighing (Simple Additive Weighting)
with Monte Carlo simulation was used to assess the economic dimension of the
food system’s sustainability.
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Zyméjimai

Santrumpos

ES — Europos Sgjunga (angl. EU — European Union);

LL — ly¢iy lygybé (angl. GE — Gender Equality);

KK —karty kaita (angl. GC — Generational Change);

MP — maisto praradimai (angl. FW — Food Waste);

NA — neutralumas aplinkai (angl. EN — Environmental Neutrality);

SL — socialinis lygiateisiSkumas (angl. SE — Social Equity);

TGA — tiekimo grandiniy adekvatumas (angl. ASC — Adequacy of Supply Chains);
TGG - tiekimo grandiniy gyvybingumas (angl. SCV — Supply Chains Viability);
VP — vandens pédsakas (angl. WF — Water Footprint).
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Jvadas

Problemos formulavimas

Maisto sistema paprastai suvokiama kaip veikéjy ir veiklos, sgveikaujancios tar-
pusavyje ekologinéje, socialinéje, politingje, kulttrinéje ir ekonominéje aplinkoje,
tinklas. Veikla apima maisto produkty auginima, perdirbima, platinima, vartojima
ir Salinima, pradedant zaliavy tiekimu, baigiant atliekomis ir perdirbimu (Erick-
sen, 2008; Mooney, 2021). Be tiesiogiai Sioje veikloje dalyvaujanciy subjekty,
maisto sistemos taip pat apima struktiirines salygas ir specialius veikéjus, kurie
palaiko kasdien¢ veiklg, taip pat nuolatinj sistemy optimizavima ir inovacijas
(Mooney, 2021). Daugialypé veikéjy, veiklos, struktiiriniy salygy saveika lemia
skirtingas maisto sistemy konfigiiracijas, kurios gali biiti susietos su daugybe
kartu egzistuojanciy gamybos bei vartojimo paradigmy ir vertybiy (Lamine, 2015;
Lang & Heasman 2015; Plumecocq et al., 2018). Maisto sistemos konfigtiracija
daro jtaka jos veikimui, atsizvelgiant j tris maisto sistemos tikslus, t. y. apriipinimg
maistu ir mityba, aplinkos sauguma ir socialine gerove (Ingram, 2011). Daugelyje
mokslinés literatiiros Saltiniy teigiama, kad maisto sistemos tvarumo pokyciai yra
biitini tam, kad biity pereita nuo industrine paradigma gristos maisto sistemos kon-
figtracijos prie alternatyvios jos konfigiiracijos, kuri remiasi tvariosios gamybos
ir kaimo plétros principais (Loring et al., 2024; Ralhan, 2024; Bruckmeier, 2024;
Bene & Abdulai, 2024; Soergel et al., 2024; Brunori et al., 2024; Edwards, Son-
nino, Cifuentes, 2024; Camillis & McAllister, 2024; Igbal et al., 2024; Kraak &
Niewolny, 2024; Bansal, Lakra, Pathak, 2023; Trigo et al., 2023; Sonnino, 2023;
Eliasson et al., 2022; Viana et al., 2022; lazzi et al., 2022; Arslan et al., 2021; Ru-
ben etal., 2021; Rajic etal., 2021; Glover & Sumberg, 2020; Lawrence
etal., 2019; Hubeau et al., 2017).
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2 IVADAS

Tvariosios maisto sistemos plétros problemos daznai nagrinéjamos atskirai
vertinant skirtingus ekonominius, socialinius ir aplinkosaugos aspektus. Tokia
vertinimo prieiga yra pakankamai paprasta ir patogi, ta¢iau néra universali ir ne-
leidzia sistemiskai ir palyginamai iSnagrinéti maisto sistemy plétros problemati-
kos tvarumo pozitiriu ir jvairiais valdymo lygmenimis. Néra bendro sutarimo, kaip
kiekybiSkai iSmatuoti maisto sistemos tvarumg. Kompleksinis maisto sistemos
tvarumo vertinimas taip pat leisty padidinti vieSosios paramos veiksminguma.

Darbo aktualumas

Maisto sistema daro didelg jtaka aplinkai, sveikatai ir maisto saugai, todél maisto
sistemos tvarumo didinimas yra vienas i§ ES prioritety. ES tvariosios maisto sis-
temos strategija siekiama apsaugoti aplinka, biologine jvairove, tikininkus ir
zmoniy sveikata. Siekiama sudaryti sglygas pereiti prie tvariosios maisto siste-
mos, kuria uztikrinamas apripinimas maistu ir galimybé maitintis sveikais, i$
sveikos planetos iStekliy gautais produktais. Tai padés sumazinti ES maisto siste-
mos poveikj aplinkai ir klimatui, sustiprinti jos atsparuma, taip apsaugant pilieciy
sveikata ir ekonominés veiklos vykdytojy pragyvenimo Saltinius.

ES kaimo vietoviy pakte numatyti siekiai, kad buty jgyvendinta ilgalaiké
kaimo vietoviy vizija iki 2040 m. Ilgalaikés kaimo vietoviy vizijos iki 2040 m.
kontekste tvariosios maisto sistemos uztikrinimas itin svarbus, kad baty garantuo-
jamas apsirfipinimo maistu saugumas; maisto sistema tapty jtrauki, puoseléjanti
solidarumg ir teisinguma; siekiant zaliojo kurso tiksly, tapty neutralizuojanti Kkli-
mato poveikj ir tvariai valdanti gamtos iSteklius (2022 m. gruodzio 13 d. Europos
Parlamento rezoliucija, 2023).

Tvariosios maisto sistemos plétra — tai plati moksliniy tyrimy problema, api-
manti tvariosios maisto sistemos plétros sasajy su tvariosios raidos tikslais identi-
fikavima, remiantis tvarumo koncepcija, ir yra glaudziai susijusi su ekonominiy
socialiniy ir aplinkosauginiy procesy vertinimo metodais. Sios problemos spren-
dimo rezultatai turi didele reikSme, kuriant teorinius modelius, skirtus sistemiskai
vertinti tvariosios maisto sistemos plétra.

Tyrimy objektas

Disertacijos tyrimy objektas — Lietuvos maisto sistemos tvarumo dimensijos (so-
cialiné, ekonoming ir aplinkos). Minétgsias dimensijas atspindi tiekimo grandiniy
gyvybingumas, ly¢iy lygybé ir karty kaita bei maisto praradimai ir vandens péd-
sakas.
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Darbo tikslas

Disertacinio darbo tikslas — sukurti ir empiri§kai aprobuoti metodika, skirtg maisto
sistemos tvarumui vertinti.

Darbo uzdaviniai

Darbo tikslui pasiekti buvo sprendziami Sie uzdaviniai:

1. nustatyti tvariosios maisto sistemos plétros tikslus ir sgsajas su tvario-
sios raidos tikslais;

2. identifikuoti rodiklius, skirtus vertinti tvariosios maisto sistemos plét-
ros tiksly jgyvendinima;

3. iSanalizuoti maisto sistemos tvarumo vertinimo instrumentus ir su-
kurti maisto sistemos tvarumo vertinimo metodika,

4. empiriSkai aprobuoti maisto sistemos tvarumo vertinimo metodika,
vertinant maisto sistemos tvarumg Lietuvoje.

Tyrimy metodika

Disertaciniame darbe taikoma misrioji metodika, jungianti apklausas, statisting
analize, ekspertinius vertinimus, daugiakriterius sprendimy priémimo metodus. Si
metodika leidzia sistemiskai ir i§samiai iSnagrinéti tvariosios maisto sistemos
plétros problematika ekonominiu, socialiniu ir aplinkosauginiu aspektais ir skirt-
ingais valdymo lygmenimis.

Darbo mokslinis naujumas

Rengiant disertacijg, buvo gauti Sie ekonomikos mokslui nauji rezultatai:
1. pasitlyta tvariosios maisto sistemos plétros vertinimo koncepcija;

2. susisteminti ir operacionalizuoti maisto sistemos tvarumo vertinimo
indikatoriai ir matavimo budai;

3. pasitlyta kiekybiniy metody taikymu paremta metodika, skirta siste-
miskai vertinti tvariosios maisto sistemos plétra, atsizvelgiant | tie-
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kimo grandiniy adekvatuma (angl. Adequacy of Supply), socialinj ly-
giateisiskuma (angl. Social Equity) ir neutralumg aplinkai (angl. Envi-
ronmental Neutrality);

remiantis Lietuvos pavyzdziu, kompleksiSkai jvertintas maisto siste-
mos tvarumas.

Darbo rezultaty praktiné reikSme

1.

Sukurta vertinimo metodika, atliepianti maisto sistemai kylancius is-
Stikius ir leidzianti kompleksisSkai vertinti tvariosios maisto sistemos
plétra;

Pasitilyta metodika gali buti adaptuojama kity ES Saliy maisto siste-
mos tvarumui vertinti, jgyvendinant ES ilgalaike kaimo vizija,

Disertacinio darbo rezultatai gali buti pritaikyti, konstruojant val-
dymo, finansines ir administracines intervencijas, kuriant ir plétojant
strategijas, Svelninancias ir (ar) eliminuojancias tvariosios maisto sis-
temos plétros problemas ir jy sukeliamus neigiamus efektus tiek Lie-
tuvoje, tiek kitose ES salyse.

Ginamieji teiginiai

1.

Maisto sistemos tvarumo pokyciai vertinami sistemiskai per tris (eko-
noming, aplinkos ir socialing) tvarumo dimensijas, remiantis ES ilga-
laike kaimo vietoviy vizija, kuri siekia sudaryti sglygas pereiti prie tva-
riosios ES maisto sistemos. Tokia sistema uztikrinty apripinimg
maistu ir galimybe vartoti sveikus produktus, gautus i$ tvariai naudo-
jamy planetos iStekliy.

Maisto sistemos tvarumga tikslinga vertinti atsizvelgiant j tiekimo gran-
diniy ekonominiy ir socialiniy rodikliy augima ir aplinkos rodikliy ma-
7€jima.

Lietuvos tvariosios maisto sistemos plétra, vertinant tiekimo grandiniy
adekvatumg (angl. Adequacy of Supply), socialinj lygiateisiskumag
(angl. Social Equity) ir neutraluma aplinkai (angl. Environmental
Neutrality), yra pakankama.

Pasitilyta metodika gali biiti modifikuojama skirtingiems kontekstams
(regionams, valdymo lygmenims, Zemés tikio subsektoriams).
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Darbo rezultaty aprobavimas

Disertacijos tyrimo rezultatai publikuoti 6 moksliniuose Web of Science duomeny
bazése referuojamuose mokslo Zurnaluose.

Disertacijoje atlikty tyrimy rezultatai buvo skelbti trijose mokslinése konfe-

rencijose, skaitant prane$imus:

— tarptautinéje mokslinéje konferencijoje VI International Science Confer-
ence (SER 2023), 2023, Igalo, Montenegro;

— tarptautinéje mokslinéje konferencijoje Nordic Association of Agricul-
ture Science (NJF) Continuous international scientific conference
“Challengers of Economics, Education and Society Development in the
Nordic — Baltic Countries and beyond”, 2023, Kaunas, Lithuania;

— tarptautinéje mokslingje konferencijoje, V International Science Confer-
ence (SER 2022), 2022, Igalo, Montenegro;

Disertacijos atlikty tyrimy rezultatai buvo pristatyti:

— mokslinés stazuotés metu Kopenhagos universiteto Maisto ir iStekliy e-
konomikos institute (2023, stazuotés trukmé — 3 mén.);

— Vilniaus Gedimino technikos universiteto (VILNIUS TECH) doktoranty
seminaruose;

— Vilniaus universiteto Kauno fakulteto Socialiniy moksly ir taikomosios
informatikos instituto organizuotame prof. Vlado K. Gronsko vardo
moksliniy seminary cikle, 2024-09-19.

Disertacijos struktiura

Disertacijg sudaro jvadas, trys skyriai, bendrosios i§vados, naudotos literatros ir
autoriaus publikacijy disertacijos tema sgrasai.

Disertacijos apimtis yra 166 puslapiai, tekste panaudota 16 numeruoty for-
muliy, 8 paveikslai ir 6 lentelés.

Padéka

Reiskiu ypatinga padéka savo disertacinio darbo vadovui ir publikacijy bendraau-
toriui dr. Tomui BaleZenciui uz suteiktas Zinias tvarumo srityje, idéjas, pastabas,
patarimus ir skirtg laikg studijy ir tyrimy metu. Visa tai buvo nejkainojamos
vertés, rengiant $ig disertacija. Esu dékinga publikacijy bendraautoriams, recen-
zentams uz zinias ir idéjas, vertingas pastabas, naudingus patarimus, konsultacijas
ir paskatinima. Dékoju Lietuvos socialiniy moksly centro Ekonomikos ir kaimo
vystymo instituto kolektyvui, administracijai uz palaikyma ir visokeriopa pagalba.






Maisto sistemos tvarumas
Europos Sgjungos ilgalaikes
kaimo vizijos kontekste:
analitine literatiros apzvalga

Pirmajame skyriuje pateikta moksliniy tyrimy tvariosios maisto sistemos plétros
tema analizé, analizuojami tyrimai, skirti tvariosios maisto sistemos aktualumui
atskleisti, tvariosios maisto sistemos dimensijoms identifikuoti. Skyriuje apta-
riami metodologiniai pozitriai j maisto sistemos tvarumo matavimg Europos
Sajungos ilgalaikés kaimo vizijos kontekste. ISskirtos tvariosios maisto sistemos
plétros vertinimo dimensijos ir jy matavimo buidai. Skyriaus tematika paskelbtos
2 autoriaus publikacijos (Balezentis et al., 2020; Balezentis et al., 2021).
Konstruojant tvariosios maisto sistemos plétros kiekybinio vertinimo schema
(1.1 pav.), disertaciniame darbe remtasi trijy dimensijy tvarumo modeliu, kuris
sujungia keleta ekonominiy teorijy (Saharum et al., 2017). Ekonominé tvarumo
dimensija grindziama iStekliy efektyvumo ir ilgalaikio tvaraus ekonominio au-
gimo nuostatomis. Socialinés tvarumo dimensijos prigimtj atskleidzia socialinio
teisingumo teorija, o aplinkosauginés dimensijos — gamtos iStekliy valdymo te-
orija. Klasikiné tvarumo iliustracija atsispindi Veno modelyje (Lozano, 2008;



8 1. MAISTO SISTEMOS TVARUMAS EUROPOS SAJUNGOS ILGALAIKES KAIMO...

Holden et al., 2017), vaizduojanc¢iame trijy dimensijy saveika — ekonominés, so-
cialinés ir aplinkosauginés. Nepaisant to, kad minétasis Veno tvarumo modelis
geba silpnai vertinti gamtos istekliy ribojimus, t. y. kad zmonés, kitos rasys, rinka,
politika ir visa raida turi veikti nepazeisdami gamtos istekliy balanso, svarbu pa-
zyméti, jog kiekybiniams jverciams nustatyti mokslininkai atlieka vertinimus, iSp-
laukiancius butent i§ tvarumo koncepcijos modelio, vizualizuojamo Veno diag-
rama (Adams, 2006; Schader et al., 2016; Becker et al., 2015; Ben-Eli, 2018).

T o Tvariosios maisto sistemos plétros vertinimo
TR Tvariosios metodikos kiirimas Ir empirinis aprobavimas
8 aistemos maisto
E plétros m; * * +
& vertmime ] t ekonomingés socialinés aplinkosau-
= rodiklig o dimensijos dimensijos ginés
atranka Il vertimimas | | vertimimas | | dimensijos
vertinimas
¥ r r ¥ r
Elk=perm Struktiiruota Indeksmic
zpklansa, apklausa, skaidymo
Sutvarkytaziz Koreliacing analizé,
- svertinis” analizé, Logaritminio
'§ Li _ . vidurkis, T-testas, vidurkio
i iteratiiros apZvalga Laipsuitkas Kruskal- metodas,
= sutvarkytasis Wallis MNormalizuotas
svertiniz testas, Herfindahlio-
vidurkis, Chi kvadrato Hirschmano
honte Karlo testaz indeksas
modeliavimas

1.1 pav. Disertacinio tyrimo schema
Fig. 1.1 Dissertation research outline

Remiantis mokslinés literatiiros analize, disertaciniame darbe iSskirtos tva-
riosios maisto sistemos plétros kiekybinio vertinimo matavimo aspektai, indika-
toriai, vertinamieji rodikliai pateikti 1.1 lenteléje.
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1.1 lentelé. Tvariosios maisto sistemos plétros dimensijos ir jy matavimo budai
Table 1.1. Dimensions of sustainable food system development and ways to measure

them
Ekonominé, Socialiné, Aplinkosauging,
Tvarumo grindziama grindziama grindziama
dimensija konkurencingumo socialinio gamtos istekliy
teorija teisingumo teorija valdymo teorija
Tiekimo grandiniy a- | Socialinis lygiatei- | Neutralumas aplin-
Matuoiamasis dekvatumas siSkumas kai
aspéktas (angl. Adequacy of (angl. Social Equal- | (angl.
Supply Chains) ity) Environmental
Neutrality)
Maisto tiekimo gran- | Karty kaita Maisto praradimai
diniy gyvybingumas | (angl. Generational | (angl. Food Waste);
Matavimo | (angl. Supply Chains | Change); vandens pédsakas
indikatorius | Viability) ly¢iy lygybe (angl. Water Foot-
(angl. Gender print)
Equality)
Maisto tiekimo gran- | Jaunyjy tikininky Zaliasis, pilkasis,
diniy atsparumas ir (ly¢iy aspektu) mélynasis vandens
judrumas elgsena, priimant pédsakas
sprendimus del tki- | Pas¢liy koncentraci-
Vertinamieji ninkavimo perspek- | jos koeficientas
S tyvumo ir tvarumo,
rodikliai

taip pat padedant -
vertinti vie$osios
politikos interven-
cijy poveikj ir jy
tikslingumg ateityje

Tvarumo teorija ir jos trijy dimensijy (ekonominés, socialinés ir ekologinés)
sistema pripaZjstama kaip labiausiai atspindinti tarpsistemine saveika ir tinkama
jai vertinti (Allen et al., 1991; Smit, Smithers,1993; Lozano, 2008; Ciegis et al.,
2015; Epstein et al., 2015). Suderinty socialinés ir ekonominés tvarumo dimensijy
saveikos sukuria teisinguma, socialinés ir aplinkosauginés — tolerancija, aplinko-
sauginés ir ekonominés — gyvybinguma (Lozano, 2008).




10 1. MAISTO SISTEMOS TVARUMAS EUROPOS SAJUNGOS ILGALAIKES KAIMO...

1.1. Maisto sistema ir ekonominé tvarumo dimensija:
tiekimo grandiniy adekvatumas

Maisto tiekimo grandinés yra itin svarbios dél apriipinimo maistu tiksly (Richey
etal.,, 2022). COVID-19 krizé, o véliau ir Rusijos invazija | Ukraing sukélé
netikéty ir praziitingy verslo aplinkos pokyciy, sutrikdydama jvairiy tiekimo
grandiniy, jskaitant kriting maisto tiekimo grandine, veikla (El Baz & Ruel, 2021;
Jagtap et al., 2022). TraSy (Ilinova et al., 2021) ir kity gamybos priemoniy (Pu &
Zhong, 2020) trikumas apsunkino Zemés ikio gamyba. Zemés iikio maisto
produkty sektoriaus nesugebéjimas tiekti pakankamo kiekio kai kuriy maisto
produkty (pvz., grikiy, darZzoviy) (Paslakis et al., 2021) dar labiau kélé grésme
apripinimui maistu, kuris yra vienas i§ tvaraus vystymosi tiksly (McMichael ir
Schneider, 2011).

Ivanov (2021) pabrézé, kad tiekimo grandiniy i$likimui ir prisitaikymui
ekstremaliy, trikdanc¢iy pokyciy metu reikia, kad tiekimo grandinés islikty gyvy-
bingos. Todeél pasaulinés COVID-19 krizés metu ir vykstant karui Ukrainoje,
svarbiausias zemés tikio maisto produkty tiekimo valdymo klausimas buvo uztik-
rinti zemés iikio maisto produkty tiekimo grandiniy, kurios yra gyvybiskai svar-
bios maisto tiekimui uztikrinti, gyvybinguma. Visi §ie precedento neturintys iSo-
rés neramumai ir jy padariniai Zemés tikio maisto produkty tiekimo grandinéms
priverté vyriausybes jgyvendinti priemones, kuriomis siekiama stiprinti Zemés G-
kio maisto produkty tiekimo grandiniy atsparuma (Davis et al., 2021), tvaruma
(Kumar et al., 2022) arba judruma (Patrucco & Kihkonen, 2021; Magableh, 2021;
Datta et al., 2024).

Tiekimo grandiniy tvarumo valdymas yra pagrjstas tiekimo grandiniy ekosis-
temy ir jy gyvybingumo jvertinimu (Ruel et al., 2024). Viena i§ i$§samiausiy tva-
rumo vertinimo rodikliy sistemy yra maisto ir Zemés tikio sistemy tvarumo verti-
nimas (angl. Sustainability Assessment of Food and Agriculture systems, SAFA),
kurj sudaré¢ Jungtiniy Tauty maisto ir Zemés tikio organizacija (angl. Food and
Agriculture Organization of the United Nations) (FAO, 2013; Schader etal.,
2014). Sio vertinimo gairése nagrinéjami keturi tvarumo ramséiai: geras valdy-
mas, aplinkosauginis vientisumas, ekonominis atsparumas ir socialiné gerove.

Tiekimo grandinés atsparumo apibrézimas laikui bégant tapo vis iSsamesnis.
Placiausia prasme jis apima §ias dimensijas: trikdymo(-y) numatyma, tiekimo
grandinés gebéjima atlaikyti krize, gebéjima prisitaikyti ir atsigauti po jos, gebé-
jima augti ] nauja, kokybiskai geresn¢ blisena ar augimo kelig ir gebéjima mokytis
i§ trikdziy. Taigi, pagrindiniai veiksniai, veikiantys tiekimo grandinés atsparuma,
apima sutrikimo poveikio mastg, atsigavimo greitj, atsargy dinamika, finansinius
rezultatus, pristatymo laikg ir neiSpildyty reikalavimy masta.
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Tiekimo grandinés judrumas yra daugialypé koncepcija, susijusi su pacia tie-
kimo grandine ir jos aplinka. I§ esmés tai reiskia gebéjima prisitaikyti prie (neti-
kétos) aplinkos dinamikos. Aplinkos dinamika gali pasireiksti skirtingais valdymo
lygmenimis, todé¢l reikés atitinkamai koreguoti tiekimo granding, kad islikty rin-
koje (ir islaikyty rinkos dalj). Novatoriski tiekimo grandinés judrumo tyrimai a-
pima Nagel ir Dove (1991), Goldman et al. (1995) ir Yusuf et al. (1999) tyrimus.
Apklausas, kuriose tiekimo grandinés judrumas buvo i§déstytas tarp susijusiy sg-
vokuy, pateiké, pvz., Patel et al. (2021) ir Yadav & Samuel (2022).

Literattiroje iSskiriami du pagrindiniai poZitiriai j tiekimo grandinés judruma.
Pirmojo poziiirio besilaikantys autoriai tiekimo grandinés judruma traktuoja kaip
iStekliy ir procesy pertvarkyma, kad biity galima jveikti netikétas krizes. Prisitai-
kymas buvo pasiiilytas kaip vienas i§ pagrindiniy veiksniy, reikalaujanciy padi-
dinti tiekimo grandiniy judruma (Swafford et al., 2008). Antrojo pozitrio atstovai
dviem pagrindiniais tiekimo grandinés judrumo komponentais laiko jautrumg po-
kyciams ir geb¢jima panaudoti iSteklius, reaguojant  su krizinémis situacijomis
susijusius trikdzius (Li et al., 2008, 2009). Be to Li et al. (2009) sitilo du tiekimo
grandinés judrumo komponentus lyginti su trimis valdymo lygiais (strateginiu, o-
peratyviniu ir epizodiniu), kur strateginis lygis apima esminius technologijy, vi-
suomenes ir ekonomikos poky¢ius, veiklos lygmuo — kasdieniy veikly suderinimg
su faktiniais klienty poreikiais, 0 epizodinis — ekstremalias situacijas.

Nors gyvybingy tiekimo grandiniy matavimui naudojamos tvarumo, ats-
parumo ir judrumo savokos persidengia, taciau tik i$ dalies, tarp jy yra ir tam tikry
svarbiy skirtumy, kurie ypac gerai atsiskleidzia ilgalaikéje perspektyvoje: tiekimo
grandinés atsparumas dazniausiai siejamas su epizodiniai jvykiais (krizémis). Pas-
tarosios COVID-19 pandemijos pavyzdys rodo, kad kriziy laikas gali i$sitesti. Po-
ky¢iai kyla i§ jvairiausiy sri¢iy (technologijy, visuomenés, klimato ir pan.), 0 a-
daptacija yra ilgalaikis procesas, todé¢l Siuo atveju tiekimo grandinés atsparumo,
lankstumo ar tvarumo sgvokos atskirai neaprépia viso tiriamojo fenomeno, todél
néra visiskai tinkamos ir reikalauja integruoto poziiirio (Ivanov, 2020). Kitaip ta-
riant, gebéjimas reaguoti j kriz¢: atsparumas ir judrumas apima gebéjima susido-
roti su krizémis. Atsparumas susijes su ilgalaikiu atk@irimu, o judrumas — su greita
reakcija ir prisitaikymu prie poky¢iy. Tiek atsparumas, tiek judrumas apima pri-
sitaikyma, taciau tvarumas orientuojasi j ilgalaikj procesa, siekiant iSvengti nei-
giamo poveikio gamtai ir visuomenei. Procesy pertvarkymas: tiek atsparumas,
tiek judrumas apima procesy modifikacija, reaguojant j trikdzius, ta¢iau tvarumas
siekia, kad Sie procesai bty ekonomiskai, socialiai ir aplinkosaugos poZitiriu su-
balansuoti.

Daugelio tyrimy i§vados atskleid¢, kad esminis maisto tiekimo grandinés val-
dymo bruozas yra gyvybingumas arba dinamiskas maisto tieckimo grandinés struk-
tiiry pertvarkymas, prisitaikant prie to, kad buty uZztikrintas egzistavimas ilgalai-
kiu laikotarpiu (Zhao et al., 2019; Dolgui et al., 2020; Dolgui & lvanov, 2021;
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Ivanov, 2021). Taciau literatliroje nepateikiamas konkretus ir patvirtintas gyvy-
binguma didinanciy priemoniy, skirty maisto tiekimo grandinéms, vertinimas,
nors gyvybingumag didinancios priemonés buvo pasiilytos (Song etal., 2018;
Zhao et al., 2019; Liicker et al., 2019; Chowdhury et al., 2020; Sawik, 2019, 2020;
Gunessee & Subramanian, 2020; Gupta & lvanov, 2020; Ivanov & Dolgui, 2019,
2020; Bjerkan, 2020; Zouari et al., 2021; Azadegan & Dooley, 2021; Ali & Abo-
elmaged, 2022; Ivanov et al., 2023; Dehshiri et al., 2024; Li et al., 2024).

ISanalizuota moksliné literatiira atskleidé, kad tiekimo grandinés gyvybin-
gumo koncepcija yra visa apimanti ir apima tiekimo grandinés atsparuma, tva-
ruma ir judrumga. Sia prasme tiekimo grandinés gyvybingumas reiskia ne tik trum-
palaike orientacija | grizimg prie prie§ kriz¢ buvusig situacija, bet ir ilgalaikj
peréjima prie ,,naujos normalios padéties”. Maisto tiekimo grandinés gyvybin-
gumg galima analizuoti pritaikant esamas metodikas ir koncepcijas. Vis délto ne
Visos tvarumo, atsparumo ir judrumo vertinimo priemonés gali biti tiesiogiai tai-
komos maisto tiekimo grandiniy atveju. Tinkamy vertinimo priemoniy parinki-
mas labai svarbus, i$skiriant maisto tiekimo grandinés gyvybingumo didinimo
priemones ir jas jgyvendinancias Strategijas.

1.2. Maisto sistema ir socialiné tvarumo dimensija:
socialinis lygiateisiSkumas

Karty kaita ir ly¢iy lygybé yra du esminiai socialinio tvarumo komponentai,
itraukti j tyrimg, kurie stiprina kaimo bendruomenes ir maisto sistemos tvaruma.

Jaunyjy ukininky sgvoka gana placiai atsispindi mokslingje literatiiroje
(Koutsou et al., 2014; Kan et al., 2019), ypa¢ ES bendrosios Zemés tikio politikos
kontekste (Schimmenti et al., 2014; Bournaris et al., 2016; May et al., 2019), taip
pat analizuojant socialinj tvarumo komponenta (Coldwell, 2007; Sponte, 2014).
Pripazjstama, kad jaunieji iikininkai yra viena i§ pazeidZiamiausiy tiksliniy grupiy
zemés iikio versle, todél reikalingos papildomos paramos priemonés, kuriomis
biity siekiama sustiprinti jy gebéjimus (Emmerling & Pude, 2017). Parama jau-
niesiems iikininkams yra ne tik biitina sglyga, siekiant padidinti Gkininky iSsilavi-
nimo lygj (Micu, 2018), bet ir priemoné emigracijai sustabdyti i§ naujy ES vals-
tybiy nariy kaimo regiony (Kahanec & Zimmermann, 2016). Jaunyjy tkininky
mazéjimo tendencija ES pripazjstama kaip grésmé visam Europos Zemés tkio
verslui, ir tai kelia abejoniy dél ES galimybiy apsirtipinti maistu (Kontogeorgos
etal., 2014). Be to, jaunyjy tkininky fenomenas, uztikrinant tvarig maisto sis-
tema, atsiskleidZia ir todél, kad jaunieji Gkininkai atviresni pokyciams, yra auks-
tesnio iSsilavinimo, ir tai lemia, kad jie pasiekia didesnj tikininkavimo efektyvuma
(Pechrova, 2015; Mwaura, 2017; Ustaoglu &Williams, 2017; Zagata et al., 2015).
Tampry rysj tarp gebéjimo jsisavinti inovacijas, rizikuoti verslaujant ir amziaus
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pagrindzia Papadopoulos (2017). Pastebima, kad naujoji ekonomika i§ esmés re-
miasi individu, disponuojanciu Ziniomis ir gebéjimais, reikalingais verslui kurti ir
palaikyti. Lietuvos atveju jaunyjy tkininky dalyvavimas maisto sistemoje lemia
ir didéjantj jos tvarumo lygj (Volkov et al., 2019).

Andersson et al. (2017), Jambor et al. (2016) pagrindé jvairiy jaunyjy tki-
ninky paramos programy poreikj visoje ES, pradedant nuo palankesniy investa-
vimo sprendimy priémimo ir baigiant zemes tikio verslo pradzios uztikrinimu, pa-
teikdami pagrjstus jrodymus, kad ES S$alys, kurios investavo j karty kaita,
sustiprino maisto sistemos tvarumg labiau nei Salys, kurios savo finansing parama
nukreipé j kitas sritis. Be to, norint sukurti tinkamus jaunyjy tikininky dalyvavimo
metodus, kad bty pasiektas tvarus ir ilgalaikis aplinkosaugos valdymas, biitina
gerai suprasti tikininky norg ir gebéjima taikyti aplinkosaugos vadybos praktika ir
esama jy jsitraukimo j konsultacijas ir parama lygj (Ingram et al., 2018).

Didéjancia finansing parama jauniesiems iikininkams, kuria siekiama paleng-
vinti jy jsiklirimg kaimo regionuose, taip pat aktualizuoja Burny & Gavira (2016).
Kaimo gyventojy skaiciaus iSlaikymas kaip priemoné sumazinti spaudimg perpil-
dytoms metropolinéms zonoms yra Zhao (1999) tyrimy objektas, kurj patvirtina
lammarino et al. (2017) iSvados. Be to, pabréZiama, kad karty kaita yra biitina
siekiant i$laikyti aktyvias bendruomenes kaimo vietovése ir taip sustiprinti maisto
sistemos socialinio tvarumo aspektg (Scharlach, 2012).

Literattiros analizés jZvalgos nagrinéjamuoju klausimu sustiprinamos ir ES
bendrosios zemés iikio politikos kontekstuose, kur jaunieji tikininkai ir lyciy ly-
gybé visuotinai pripazjstami labai svarbiais Europos maisto sistemos tvarumui il-
galaikéje perspektyvoje, o parama jauniesiems tikininkams yra viena i§ strateginiy
paramos krypéiy (A long-term Vision for the EU's Rural Areas, 2021).

Mokslingje literatiiroje pazymima, kad ly¢iy lygybé yra labai svarbi ekono-
mikos vystymuisi (Dabkien¢ et al., 2025). Todél stengiamasi uZztikrinti ly¢iy ly-
gybe, nes ji skatina ir palaiko ekonomikos augimg (Kennedy, 2018), socialinj vys-
tymasi (Farre, 2013), skatina teisinguma visuomenése (Cornwal & Rivas, 2015).
Nors Lietuva pasizymi aukstu ly¢iy lygybés lygiu (Blomberg et al., 2017), moks-
liskai jrodyta, kad bendrosios auksto lygio indekso vertés gali biiti apgaulingos
dél metodologiniy problemy (Broer et al., 2019). D¢l to gali susidaryti situacija,
kad kai kuriuose ekonomikos sektoriuose ly¢iy nelygybé vis dar islieka Sesélyje,
o tai lemia uzsitesusig ly¢iy nelygybe, 1 ly¢iy aspekta orientuoty politikos priemo-
niy nebuvimg ir kai kuriais atvejais net Sios problemos egzistavimo neigima
(Unterhaler & North, 2017; Mwiine, 2019).

Viena i$ sri¢iy, kurioje akivaizdi ly¢iy nelygybé, yra zemés tkis (Collins,
2018, Adefare et al., 2024). Dideli ly¢iy skirtumai Zemés tikyje pastebimi ir ES.
Nustatyta, kad iniciatyvos, integruojant ly¢iy politikg, yra maziau veiksmingos
Zzemés tkyje (Acosta et al., 2019). Be to, moterys tikininkés susiduria su didesniais
sunkumais, siekdamos gauti finansavimg savo tkiy modernizavimui (Huyer,



14 1. MAISTO SISTEMOS TVARUMAS EUROPOS SAJUNGOS ILGALAIKES KAIMO...

2016). Pastebima ly¢iy nelygybé tarp tkininky vyry ir motery prieigos prie zemés
tikio Ziniy (Zossou et al., 2017) ir mokymo (Mudege et al., 2017) srityse. Tai taip
pat laikoma klititimi sékmingai jgyvendinant klimato poziliriu pazangia zemés U-
kio praktika (Nelson & Huyer, 2016).

ISanalizuota moksliné literatuira atskleidé, kad, vertinant maisto sistemos so-
cialing tvarumo dimensija, buitina atsizvelgti j jaunyjy tikininky elgsena lycCiy as-
pektu, priimant sprendimus dél Gikininkavimo perspektyvumo ir tvarumo, taip pat
jvertinti vieSosios politikos intervencijy poveikj ir jy tikslinguma ateityje.

1.3. Maisto sistema ir aplinkosauginé tvarumo
dimensija: neutralumas aplinkai

Maisto sistema daro jvairialypj poveikj aplinkai. Tarp jy yra ryskus istekliy, tokiy
kaip Zemé, vanduo ir energija, naudojimas. D¢l jvairiy priezas¢iy ne visas
pagamintas maistas yra Zzmoniy suvartojamas, todél dalis jo prarandama (Neff
et al., 2018). Praradus maistg, visi jo gamybai panaudoti iStekliai i$§vaistomi.
FAO (2019 m.) tyrimas atskleid¢, kad apie 24 proc. Zemes tikio produkty, kuriuos
ketinama naudoti Zmoniy vartojimui, nepasiekia kity tiekimo grandinés etapy, o
tai reiskia, kad panasiu mastu Svaistomi ir vandens, zemés bei energijos iStekliai.
Vanduo, kaip svarbi zemés tikio sistemy Zzaliava, didéjant maisto paklausai, gali
tapti ribojanc¢iuoju veiksniu (Strzepek & Boehlert, 2010; Sethi et al., 2024).

Tyréjai (Stuart, 2009; Felli & Castree, 2012; Lipinski et al., 2013) pabrézia
maisto netekimo ir §vaistymo svarba ir btinybe juos sumazinti, siekiant pagerinti
apripinimo maistu ir maisto tvarumo sistemas. Maisto praradimai daznai apiba-
dinami, atsizvelgiant j maisto sistemy atsparuma arba, tiksliau sakant, | jy tra-
puma, kaip netvariyjy maisto sistemy veikimo rezultata, arba kaip viena i$ prie-
zaséiy, dél kuriy jos netvarios. Taigi maisto praradimai trukdo siekti tvaraus
apripinimo maistu tiksly. Maisto, kuris galiausiai nenaudojamas maistui, gamyba,
nesvarbu, ar tai pirminés gamybos, ar perdirbimo, ar vartojimo fazés atliekos, reis-
kia ekonominiy arba gamtiniy iStekliy Svaistyma. Be kita ko, tai taip pat turi so-
cialiniy padariniy. Todél pripazjstama, kad, sumazinus maisto nuostolius ir §vais-
tyma, maisto sistemos taps tvaresnés, o tai turés teigiamos ekonomings, socialinés
ir aplinkosaugos naudos, kuri atsverty maisto nuostoliy ir §vaistymo mazinimo
priemoniy islaidas.

D¢l maisto nuostoliy ir maisto atlieky taip pat prarandami vandens istekliai
(Lundgvist et al., 2008), nes daug vandens sunaudojama i$vaistyto maisto gamy-
bai. Aplinkosaugos pozifiriu maisto nuostoliai ir maisto atlickos sudaro daugiau
nei ketvirtadalj viso vartotojy iSeikvoty ir riboty gélo vandens istekliy naudojimo.
Pasaulio lygmeniu mélynojo vandens pédsakas (t. y. pavirSinio ir pozeminio van-
dens suvartojimas) yra apie 250 kub., km (Mateo et al., 2017).
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Maisto sistemos tvarumui vertinti btina taikyti visapusiskus metodus. Van-
dens pédsakas yra vienas i§ pagrindiniy rodikliy tarp kity, tokiy kaip anglies
pédsakas arba Zemés naudojimas. Aivazidou et al. (2015); Barbosa & Cansino
(2022) pabrézia, kad vandens pédsako vertinimas yra veiksminga priemoné, ska-
tinant ir siekiant tvarumo zemés tikio maisto produkty sektoriuje. Vandens pédsa-
kas apibréziamas kaip tiesioginis ir netiesioginis vandens kiekis, sunaudotas pro-
duktams per visg jy gyvavimo ciklg. Pasak Hoekstra (2017), vandens pédsaka
sudaro trys komponentai: Zaliojo vandens pédsakas, apimantis lietaus vandens
naudojimg gamybos procesuose, kuris yra jsisavinamas dirvoZemyje ir naudoja-
mas augaly augimui; mélynojo vandens pédsakas, nurodantis gélo pozeminio ir
pavirsinio vandens, kiekj, kuris sunaudotas produktui pagaminti ir kuris negrjzta
1 baseina, i§ kur buvo paimtas; pilkojo vandens pédsakas, apibréziamas kaip tiiris
gélo vandens, reikalingo prekiy gamybos procesy tersaly apkrovai jsisavinti tiek,
kad vandens kokybé¢ islikty aukstesné uz aplinkos vandens kokybeg.

Tyréjai pazymi, kad vandens pédsako metodas pateikia kiekybing informacija
apie vandens naudojimg ir su juo susijusj poveikj, kuri gali buti naudinga gerinant
vandens efektyvumg ir valdyma. Aivazidou et al. (2016); Ercin & Hoekstra (2014)
pateikia kriting literatiiros apzvalga apie vandens pédsako vaidmenj tiekimo val-
dymo grandinéje, ypatinga démes;j skiriant Zemés tikio maisto produkty sektoriui.
Buvo atlikta daug tyrimy, tiriant vandens pédsaka jvairiose Zemés iikio ir maisto
tiekimo grandinése, kuriems buvo taikomas vandens pédsako metodas, konkre¢iai
susijes su maisto praradimu ir §vaistymu (Kummu et al., 2012; FAO, 2013; Liu
etal., 2013; Vanham et al., 2015; Birney et al., 2017; Conrad et al., 2018; Me-
konnen & Fulton, 2020; Spang & Stevens, 2018; Su et al., 2018; Munesue & Ma-
sui, 2019; Chen et al., 2020; Agnusdei et al., 2022).

ISanalizuota moksliné literatura atskleidé kai kuriuos atlikty tyrimy ribotu-
mus, kurie neleidZia geriau suprasti vandens pédsako dinamikos, nes daugumoje
esamy tyrimy buvo remiamasi koeficientais pagrjsta konkre¢iy kultiiry vandens
pédsaky analize, nematuojant paséliy struktiiros pokyc¢iy. Be to, daugeliu atvejy
indekso skilimo analizé buvo ignoruojama kaip analitiné priemoné. Todél diser-
tacijoje buvo siekiama iSplésti ir taikyti indekso skilimo analizés sistemg, apiman-
Cig ir strukttrinj komponentg. Tikétina, kad jo poveikis vaidins svarby vaidmenj
regionuose, kuriuose vyksta dideli paséliy struktiiros pokyciai. Tai aktualu Lietu-
vos atvejui, kai ES BZUP teikiamos tiesioginés i§mokos paskatino ryskias paséliy
struktairos slinktis augalininkystés link, visy pirma javy auginimo.
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1.4. Pirmojo skyriaus iSvados ir disertacijos
uzdaviniy formulavimas

1. Tiekimo grandinés gyvybingumo koncepcija yra visa apimanti ir a-

pima tiekimo grandinés atsparuma, tvaruma ir lankstuma. Sia prasme
tiekimo grandinés gyvybingumas reiskia ne tik trumpalaike orientacija
1 grizima prie pries krizg jprastos praktikos, bet ir ilgalaikj peréjima
prie ,,naujos normalios padéties”. Zemés tkio tiekimo grandinés gy-
vybingumg galima analizuoti pritaikant esamas metodikas ir koncep-
cijas. Vis délto ne visos tvarumo, judrumo ir atsparumo vertinimo prie-
monés gali biiti tiesiogiai taikomos Zemés tkio maisto produkty
tiekimo grandiniy atveju. Tinkamy vertinimo priemoniy parinkimas
labai svarbus, i$skiriant maisto tiekimo grandinés tvarumo didinimo
priemones ir jas jgyvendinancias strategijas.

Dél isaugusios iniciatyvumo ir novatoriskumo svarbos galimybés im-
tis nuosavos veiklos, pasinaudojant parama, priklausys biitent jau-
niems i$silavinusiems kaimo gyventojams. Kitaip tariant, tvarioji
maisto sistemos plétra postindustrinéje visuomenéje negalima be
laisvo, dalyvaujancio ir kuriancio, t. y. verslaus, individo. Kadangi
vienas i§ potencialiausiy verslumo S$altiniy yra jaunas Zmogus, tai
jaunyjy tkininky dalyvavimas ir tvarios tkininkaujanciyjy strukttiros
palaikymas, plétojant maisto sistema, itin svarbus uztikrinant jos so-
cialinj tvaruma.

Aplinkosaugos poziiiriu maisto nuostoliai ir maisto atliekos sudaro
daugiau nei ketvirtadalj viso vartotojy iSeikvoty ir riboty gélo vandens
iStekliy naudojimo. Vandens pédsakas yra vienas is pagrindiniy rodik-
liy tarp kity, tokiy kaip anglies pédsakas arba zemés naudojimas, ku-
riais vertintinas maisto sistemos tvarumas. Maisto nuostoliy ir atlicky
poveikij vandens iStekliams galima kiekybiskai jvertinti pagal vandens
pédsaka, todél vandens pédsako vertinimas yra veiksminga priemoné,
siekiant tvariosios maisto sistemos ir skatinant jos plétra.

Tvariosios maisto sistemos plétros kiekybinio vertinimo dimensijos ir
juy matavimo biidai remiasi tvarumo apibrézimu, t. y. vertinamos visos
trys tvarumo dimensijos.

Tvariosios maisto sistemos plétrai kiekybiskai jvertinti disertacijoje keliami
uzdaviniai:
1. susisteminti ir operacionalizuoti maisto sistemos tvarumo vertinimo

matavimo budus;
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2. parengti kiekybiniy metody taikymu paremta metodika, skirta siste-
miskai vertinti tvariosios maisto sistemos plétra;

3. remiantis Lietuvos atvejo pavyzdziu, kompleksiSkai jvertinti maisto
sistemos tvaruma, atsizvelgiant j tieckimo grandiniy adekvatuma, so-
cialinj lygiateisiskumg ir neutralumg aplinkai.






Maisto sistemos tvarumo
vertinimo metodika

Antrajame skyriuje tiriami tvariosios maisto sistemos plétros vertinimo instru-
mentai, jy pritaikymo galimybés tvariosios maisto sistemos plétros vertinimui.
Atsizvelgiant | Europos Sajungos ilgalaikés kaimo vizijos konteksta, pateikiama
tvariosios maisto sistemos plétros vertinimo metodologija. Skyriaus tematika
paskelbtos 2 autoriaus publikacijos (Balezentis et al., 2023; Ribasauskiene et al.,
2024).

Atsizvelgiant | Europos Sajungos ilgalaikés kaimo vizijos konteksta, patei-
Kiama tvariosios maisto sistemos plétros vertinimo metodika (2.1 lentel¢).

Mokslinés literatiiros analizé parodé, kad atskiry maisto sistemos tvarumag
veikianéiy kriterijy poveikio kryptis priklauso nuo maisto sistemoje dalyvaujan-
¢iy subjekty elgsenos ir struktiiriniy salygy poky¢iy, todél disertaciniame darbe
sukurta ir taikoma misri metodika, jungianti apklausas, statistine analize, eksper-
tinius vertinimus, daugiakriterius metodus.
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2.1 lentelé. Tvariosios maisto sistemos plétros vertinimo metodika
Table 2.1. Methodology for assessing the development of a sustainable food system

Yoshida & Yagi,
2021; Coopmans
etal., 2021; Perrin &
Martin , 2021; Fang
etal., 2021, Helfens-
tein et al., 2022);

koreliaciné analizé;

T-testas (Rosner,
1982);

Kruskalio ir Walliso
testas;

Chi kvadrato testas.

Ekonominé, Socialiné, Aplinkosauging,
Tvarumo grindziama grindziama grindziama
dimensija konkurencingumo socialinio gamtos iStekliy
teorija teisingumo teorija valdymo teorija
1 2 3 4
Maisto tiekimo gran- | Jaunyjy @ikininky Zaliasis, pilkasis,
diniy atsparumas ir (ly¢iy aspektu) mélynasis vandens
judrumas elgsena, priimant pédsakas;
sprendimus dél tki- | paseliy koncentraci-
ninkavimo perspek- | jos koeficientas
Vertinamieji tyvumo ir tvarumo,
rodikliai taip pat padedant j-
vertinti vie§osios po-
litikos intervencijy
poveiki ir jy tikslin-
gumg
ateityje
Eksperty apklausos Jaunyjy tkininky Valstybés duomeny
rezultatai strukttiruotos apklau- | agentiiros duomenys
Duomeny (2022 m.) Sos rezultatai apie paséliy plota,
Saltinis 2020 m. struktira, derlin-
guma, balansus
(2003-2021 m.)
Eksperty apklausa Struktiiruota apk- Indeksinio iSskai-
(Meuwissen et al., lausa (Lee & Cou- dymo analizés me-
2021; Ali et al., 2022, | lehan, 2006; Sadi & | todas (Xu & Ang,
Kent et al., 2022; Basit, 2017; Garcia- | 2013);
Tarra et a.l., 2021; HOIgadO et al., 2018; |ogaritminio vidur-
Snow et al., 2021; Dahlerup, 2018); kio metodas (Ang,
Metodai Maren et al., 2022;

2015);

normalizuotasis
Herfindahlio ir
Hirschmano
indeksas (Owen,
2007).
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2.1 lentelés pabaiga
1 2 3 4

sutvarkytasis svertinis
vidurkis, (Yager,
1998);

laipsniskai sutvarky-
tasis svertinis vidur-
kis, (Yager, 2001);
Monte Karlo mode-
liavimas (Kalos &
Whitlock, 2008).

Skyriuje pristatoma kiekybiniy metody taikymu paremta metodika, atlie-
riosios maisto sistemos plétra. Pristatomi metodikos sudarymui naudojami meto-
dai, atskirai apraSomi jos elementai ir veiksmy seka.

2.1. Maisto tiekimo grandiniy gyvybingumo poveikio
maisto sistemos tvarumui vertinimo metodai

Tyrimo metu sukonstruota metodika pagrjsta eksperty vertinimo technika, kurios
rezultatai apdorojami naudojant Monte Karlo modeliavima (Kalos & Whitlock,
2008) kaip skaiciavimo algoritma, pagrista statistiniu modeliavimu ir gauty
rezultaty apdorojimu statistiniais metodais, siekiant jvertinti rezultaty tikimybines
variacijas ir padidinti analizés tikslumg. Siilomos sistemos praktinis taikymas
susijes su tuo, kad visy Zemés tikio maisto produkty tiekimo grandiniy etapy
gyvybingumas vertinamas atskirai, todél ja galima taikyti tiek trumpoms, tiek
ilgoms zemés tikio maisto produkty tiekimo grandinéms.

Tyrime dalyvavo astuoni ekspertai, atstovaujantys asociacijoms, vienijan-
¢ioms tikininkaujancius pagrindiniuose Lietuvos zemés iikio sektoriuose (javy,
sodininkystés, darzininkystés, pienininkystés, paukstininkystés, mésiniy galvijy,
kiaulininkystés). Perdirbimo sektoriui atstovavo ir asociacijy atstovai, ir atitin-
kamy produkty grupiy ekspertai. Vienas i§ pagrindiniy ekspertams keliamy uzda-
viniy buvo suteikti vertinimus, atspindincius pasirinkty kriterijuy poveikj tiekimo
grandiniy gyvybingumui kriziy metu. Siekiant nustatyti ir atrinkti rodiklius, susi-
jusius su pagrindinémis tiekimo grandinés gyvybingumo dedamosiomis (tva-
rumo, lankstumo ir atsparumo), atlikus literatiros analize, nustatyti tiek kokybi-
nio, tiek kiekybinio pobiidzio Zemés ukio ir maisto tiekimo grandinés
gyvybingumo rodikliai: pagamintos produkcijos verté; pardavimy vietos rinkoje


https://en.wikipedia.org/wiki/Monte_Carlo_method#CITEREFKalosWhitlock2008
https://en.wikipedia.org/wiki/Monte_Carlo_method#CITEREFKalosWhitlock2008
https://en.wikipedia.org/wiki/Monte_Carlo_method#CITEREFKalosWhitlock2008
https://en.wikipedia.org/wiki/Monte_Carlo_method#CITEREFKalosWhitlock2008

22 2. MAISTO SISTEMOS TVARUMO VERTINIMO METODIKA

verté; eksporto verté; klienty skaiCius; pelningumas; mokumas; prieinamumas
prie kredity; prieiga prie darbo istekliy; darbo uzmokestis; produkcijos praradimy
apimtys; pakuotés ir kitos neorganinés atliekos; naudojamos atsinaujinan¢iosios
energijos dalis. Vis 8ie rodikliai pateikti ekspertiniam vertinimui.

Gauti eksperty apklausos rezultatai buvo agreguoti, testuoti ir analizuoti.
Naudingumo funkcija buvo pritaikyta reitingams apibendrinti ir poveikiui tiekimo
grandinés gyvybingumui isreiksti skai¢iumi. Taip jvertinta dviejy kriziy jtaka pir-
minei gamybai ir perdirbimui.

Tiekimo grandinés gyvybingumo kriterijai buvo atrinkti ir pagristi atliktos
eksperty apklausos rezultatais. Remiantis apklausos rezultatais nustatyta, kad to-
kiy kriterijy yra trylika, i§ kuriy de§imt yra teigiamo poveikio, o trys i$ jy — nei-
giamo poveikio. Kriterijy reikSmiy padidinimas atitinkamai padidina arba suma-
zina zemés iikio maisto produkty tiekimo grandinés gyvybinguma.

Eksperty buvo prasoma jvertinti, kaip kito kiekvienas kriterijus, atsizvelgiant
} COVID-19 pandemijos 2020-2021 m. ir karinio konflikto Ukrainoje 2022 m.
Ekspertai pateiké jvertinimus nuo -5 iki +5 baly Likerto skaléje. Gavus eksperty
vertinimus, nustatyta, su kuriais sunkumais susidiiré zemés tikio ir maisto pro-
dukcijos gamintojai ir perdirbéjai COVID-19 pandemijos ir karo Ukrainoje kon-
tekstuose.

Tyrimui naudotas sutvarkytasis svertinis vidurkis (angl. ordered weighted a-
verage — OWA). OWA sukdiré ir jvedé Yager (1998). Yager & Kacprzyk (2012)
toliau aptaré jo savybes ir pritaikyma. OWA apibendrina keliy tipy priemones ir
leidzia priskirti svorius iSdéstytiems parametrams ar gautai statistikai (pvz., surei-
tinguoti eksperty jvertinimai nuo auks¢iausio iki Zemiausio). Suderinus agregaci-
joje naudojamy funkcijy parametrus, galima atsizvelgti tik j krastutines reik§mes
arba tik j diapazono vidurj, kaip yra apkarpytas vidurkis. Kiekvienam parametrui
gali buti priskirtas skirtingas svoris. Be krastutiniy verc¢iy poveikio, eksperty ver-
tinimai turi biti suderinti.

Disertaciniame tyrime sukurta metodika leidzia jvertinti skirtingy scenarijy
poveikj tiekimo grandiniy gyvybingumui, remiantis daugeliu kriterijy. Pastebé-
tina, kad kriterijai gali buti skirtingy tipy: vieni prisideda prie gyvybingumo didi-
nimo, o kiti jj mazina. Kriterijy indeksas — i = 1,2,...,m. Scenarijai yra nagrinéja-
mieji jvykiai, kurie gali paveikti tieckimo grandiniy gyvybingumg. Tarkime, kad
scenarijai yra Zymimi indeksu s = 1,2,...,S. Taip pat gali buiti lyginamos skirtingos
tiekimo grandinés ar jy etapai, gali buti nagrin¢jamos tiekimo grandiniy (etapy) ir
jvykiy deriniai. Tyrime remiamasi pastargja galimybe ir sudaromi keturi scenari-
jai: 1) pirminé gamyba COVID-19 pandemijos metu; 2) perdirbimas COVID-19
pandemijos metu; 3) pirminé gamyba Rusijos ir Ukrainos karo metu; 4) perdirbi-
mas Rusijos ir Ukrainos karo metu. Eksperty skai¢ius Zymimas ns. Tuomet eks-
perty indeksas bus j =1,2,...,ns . Pirmiausia ekspertai jvertina kiekvieno kriterijaus
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reik§mé tam tikrame scenarijuje. Taigi yra sudaromos ekspertiniy vertinimy mat-
ricos, kuriy elementai yra zymimi XSij. Eksperty vertinimai yra agreguojami tai-
kant laipsniskai sutvarkytajj svertinj vidurkj (angl. Power Ordered Weighted A-
verage - POWA), pasiiilyta Yager (2001).

Pirmajame tyrimo etape ekspertai pateikia vertinimus xsij, i =1, 2, ..., m, j =
1,2,..,ns,s=1,2, .. 8§, atsizvelgdami j tai, kokj poveikj sutrikimai turi Zemés
tikio maisto produkty tiekimo grandiniy gyvybinguma atspindintiems rodikliams.
Ekspertai naudojo Likerto skale su teigiamomis ir neigiamomis vertémis, kai pir-
moji rodo slopinamajj krizés poveikj tam tikram rodikliui, 0 antroji — skatinamajj
poveikij:

XSij e{—5,—4,...,—1,0,1,. ,5}

Kitame etape eksperty jvertinimai sudéliojami mazéjancia tvarka, taip gau-
nant kiekvienam kriterijui numatytus eksperty reitingy eilinius vektorius:

XSi :{XSi(j) :XSi(l) > XSi(Z) >..2 Xsi(n)}' | =1,2,...,m, S=1, 2,...,8. (1)

Treciajame etape eksperty vertinimai yra agreguojami POWA operatoriumi.
Tam taikoma palaikymo funkcija, kurig taikant jvertinamas kiekvieno argumento
(sutvarkyto eksperto pateikto vertinimo) sutapimas su likusiais argumentais. Pa-
laikymo funkcija yra aprasoma Siuo biidu (Yager, 2001), kur K nurodo maksima-
lig palaikymo funkcijos reikSme (ji gaunama, kai palyginamieji argumentai yra
lygiis) ir a parodo funkcijos jautruma atstumui tarp dviejy argumenty k = 1, 2, ...,
n. Didesnés palaikymo funkcijos reik§més rodo didesnj panasuma j likusius argu-
mentus:

SUP(Xsi(j)  Xsi(k) ) = Ke™ (Xsi(j) ~ Xsi(k) )2 : 2)

Toliau palaikymo funkcija naudojama apskai¢iuojant palaikymg kiekvienam
argumentui, Vi(j), ir galiausiai agreguojama j palaikymg konkre¢iam kriterijui,
TVi (Yager, 2001):

n

Tsici) =k2 Sup(xsi(j)’xsi(k) ) 3)
]
k#j

Vsici) =1+ Tsigj) (4)

n
TVsi = 2 Vsi(j)- (5)
i
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POWA operatorius yra pritaikomas atsizvelgiant j sutvarkytus argumentus
(eksperty vertinimus) ir informacija, suteikiamg palaikymo funkcijos. Gaunami
agreguoti ekspertiniai vertinimai:

n
Xsi = POWA(Xsi(l)  Xsi(2) -+ Xsi(n) ) = > Ug%si(j)» (6)
i

¢ia uj — svoriai, priskiriami sutvarkytiems ekspertiniams vertinimams pagal
palaikymo funkcijos reik§mg ir bazing vieneting funkcija g(*) Svoriai gaunami

Siuo budu:
Vsici) Vsi(i-
_g| =AY | _g) DG | 7
usj g[T\/si : TVsi ( )

Funkcija g(-) gali bati laisvai pasirenkama, taciau turi atitikti Sias salygas.
Taigi agreguoti vertinimai yra gaunami kiekvienam kriterijui pagal kiekviena sce-
narijy: 9(0)=0, g1)=1, g(a@)<g(b), 0<a<b<l.

Kadangi eksperty vertinimai yra iSreiksti Likerto skaléje, tai visi kriterijai yra
matuojami toje pacioje dimensijoje. Visgi iSskiriami du kriterijy tipai: aibei B
priklauso naudos kriterijai, kuriy didesné reik§mé reiskia didesnj tiekimo grandi-
nés gyvybinguma, o aibei C priklauso kasty kriterijai, kuriy didesné reik§meé reis-
kia mazesnj tieckimo grandinés gyvybinguma. Normalizuotosios kriterijy reik§més

apskai¢iuojamos taip:
g — X4.1€B -
¥ |l=x,,ieC’

Adityvioji naudingumo funkcija taikoma agreguojant visy kriterijy reikSmes
kiekvienam nagrinéjamam scenarijui. Gautieji santykinio naudingumo taskai pa-
rodo s-tojo scenarijaus grynajg jtaka tickimo grandinés gyvybingumui:

i7Ysi?

C, =Y WX;,5=12..S, 9)
i=1

m
¢ia wi — tieckimo grandinés gyvybingumo kriterijy svoriai, kurie ZWI =1.
i=1
Gauti balai rodo trikdanciojo jvykio poveikj tam tikram tiekimo grandinés
etapui, Zymimam S. Taigi gautieji naudingumo taskai leidzia jvertinti trikdzius
sukeliancio jvykio jtaka tiekimo grandinés etapui, atitinkanciam scenarijy S. Ka-
dangi kriterijy svoriai gali bliti gaunami jvairiais biidais, visgi konkretaus biido
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pasirinkimas nei$vengiamai lemia subjektyvuma. Todél Siame tyrime naudojami
svoriai, atsitiktiniu bidu sugeneruoti i§ tolygiojo skirstinio (Tervonen etal.,
2007).

2.2. Karty kaitos ir ly€iy lygybés poveikio maisto
sistemos tvarumui vertinimo metodai

Jaunyjy tkininky elgsenos tyrimas buvo atliekamas naudojant struktiiruota
apklausg, kaip vieng i§ kiekybiniy tyrimo metody. Tai gana populiarus ir
patvirtintas bidas gauti tokio tipo informacijg (Lee & Coulehan, 2006; Al Sadi &
Basit, 2017; Dahlerup, 2018).

Kiekybinis tyrimo biidas pasirinktas, siekiant surinkti reprezentatyvius duo-
menis ir objektyviag informacija. Klausimynas, skirtas jauniesiems tikininkams,
buvo parengtas taip, kad biity galima jvertinti socialines, verslo vykdymo ir para-
mos valdymo charakteristikas tiek bendrai, tiek palyginti pagal lytj. Klausimynas
taip pat apémé dalyvavimo paramos priemonése, skirtose skirtingy ly¢iy jaunie-
siems tkininkams, masta ir pageidaujama paramos iSmoky poveikj jauniesiems
tikininkams Lietuvoje, atsizvelgiant j lytj. Be to, analizuota respondenty, prasan-
¢iy tam tikry konsultavimo paslaugy, dalis.

Jauniesiems tkininkams skirtas klausimynas parengtas taip, kad apdorojant
gautus duomenis buty galima jvertinti respondenty demografines, socialines,
verslo veiklos ir paramos valdymo charakteristikas. Visos $ios savybés yra svar-
bios apibréziant jaunyjy tkininky elgesj, priimant sprendimus dél aikininkavimo
perspektyvumo ir tvarumo, taip pat padedant jvertinti vieSosios politikos interven-
cijy poveikj ir jy tikslingumg ateityje. Be to, atsakymy j klausimus galimybés
buvo parengtos taip, kad biity galima jvertinti visus tvarumo koncepcijos aspek-
tus.

Apklausa vykdyta naudojant internetinj klausimyna, kuris buvo interaktyvus
ir pritaikytas patogiai uzpildyti nuotoliniu badu. Nuoroda j apklausos klausimyna
buvo iSplatinta per Lietuvos savivaldybiy Zzemés iikio skyrius. Anketas uzpildé
473 jaunieji tkininkai (2,8 proc. tiriamosios visumos). Esant 99 proc. tikimybei,
tyrimo rezultaty paklaida lygi 6 proc.

Apklausos metu buvo uztikrinta, kad bty reprezentuojami ir vyrai, ir mo-
terys: 81,6 proc. respondenty buvo vyrai, 18,4 proc. moterys.

T testas buvo naudojamas siekiant nustatyti skirtingy jaunyjy tikininky grupiy
(pvz., pagal lytj) poreikiy, paramos tiksly ir jy gavimo skirtumus. Chi kvad-
rato testas buvo naudojamas nustatyti, ar yra statistikai reikSminga asociacija tarp
dviejy kategoriniy kintamyjy. Taip pat buvo taikoma koreliaciné analizé, Kruska-
lio ir Walliso testas.


https://www.bing.com/ck/a?!&&p=f95e320b3b25ba88JmltdHM9MTcyNzQ4MTYwMCZpZ3VpZD0xNmVhZGI4Ny0zZWQ2LTZlNjUtM2E5Yy1jZjg1M2ZkNjZmNjYmaW5zaWQ9NTQxNQ&ptn=3&ver=2&hsh=3&fclid=16eadb87-3ed6-6e65-3a9c-cf853fd66f66&psq=chi+kvadrato+testo+aprasymas&u=a1aHR0cHM6Ly9zdGF0aXN0aWthcy5sdC9wb3N0cy9rYWlwLWF0bGlrdGktY2hpLWt2YWRyYXRvLXRlc3RhL2thaXAtYXRsaWt0aS1jaGkta3ZhZHJhdG8tdGVzdGE&ntb=1
https://www.bing.com/ck/a?!&&p=f95e320b3b25ba88JmltdHM9MTcyNzQ4MTYwMCZpZ3VpZD0xNmVhZGI4Ny0zZWQ2LTZlNjUtM2E5Yy1jZjg1M2ZkNjZmNjYmaW5zaWQ9NTQxNQ&ptn=3&ver=2&hsh=3&fclid=16eadb87-3ed6-6e65-3a9c-cf853fd66f66&psq=chi+kvadrato+testo+aprasymas&u=a1aHR0cHM6Ly9zdGF0aXN0aWthcy5sdC9wb3N0cy9rYWlwLWF0bGlrdGktY2hpLWt2YWRyYXRvLXRlc3RhL2thaXAtYXRsaWt0aS1jaGkta3ZhZHJhdG8tdGVzdGE&ntb=1
https://www.bing.com/ck/a?!&&p=f95e320b3b25ba88JmltdHM9MTcyNzQ4MTYwMCZpZ3VpZD0xNmVhZGI4Ny0zZWQ2LTZlNjUtM2E5Yy1jZjg1M2ZkNjZmNjYmaW5zaWQ9NTQxNQ&ptn=3&ver=2&hsh=3&fclid=16eadb87-3ed6-6e65-3a9c-cf853fd66f66&psq=chi+kvadrato+testo+aprasymas&u=a1aHR0cHM6Ly9zdGF0aXN0aWthcy5sdC9wb3N0cy9rYWlwLWF0bGlrdGktY2hpLWt2YWRyYXRvLXRlc3RhL2thaXAtYXRsaWt0aS1jaGkta3ZhZHJhdG8tdGVzdGE&ntb=1
https://www.bing.com/ck/a?!&&p=f95e320b3b25ba88JmltdHM9MTcyNzQ4MTYwMCZpZ3VpZD0xNmVhZGI4Ny0zZWQ2LTZlNjUtM2E5Yy1jZjg1M2ZkNjZmNjYmaW5zaWQ9NTQxNQ&ptn=3&ver=2&hsh=3&fclid=16eadb87-3ed6-6e65-3a9c-cf853fd66f66&psq=chi+kvadrato+testo+aprasymas&u=a1aHR0cHM6Ly9zdGF0aXN0aWthcy5sdC9wb3N0cy9rYWlwLWF0bGlrdGktY2hpLWt2YWRyYXRvLXRlc3RhL2thaXAtYXRsaWt0aS1jaGkta3ZhZHJhdG8tdGVzdGE&ntb=1

26 2. MAISTO SISTEMOS TVARUMO VERTINIMO METODIKA

2.3. Maisto praradimy ir vandens pédsako poveikio
maisto sistemos tvarumui vertinimo metodai

Maisto praradimy ir vandens pédsako poveikio maisto sistemos tvarumui vertinti
taikytas indeksinio iSskaidymo analizés metodas, kuris remiasi logaritminiu
vidurkio indeksu. Duomenys apie pasé¢liy derlinguma ir vandens pédsaka
sujungiami, siekiant iSskirti konkrecius veiksnius, prisidedancius prie jo pokyciy
laikui bégant.

Indeksinio i§skaidymo analizés (angl. Index Decomposition Analysis — IDA)
metodas placiai taikomas jvairiose srityse, ypa¢ atliekant energetikos tyrimus (Xu
& Ang, 2013). Sis metodas pasizymi lankstumu, nes leidzia kurti modelius, jun-
giancius kelis kintamuosius, ir gali biiti pritaikomas jvairiuose agregavimo ly-
giuose, priklausomai nuo turimy duomeny. Tyrimo metu indekso skilimo analizé
taikoma, siekiant paaiskinti vandens pédsako poky¢ius, susijusius su maisto pra-
radimu zemés iikyje.

Vandens pédsako koeficientas nustatomas vienai Zemes tikio produkto tonai,
todél laikoma, kad derlius ir su juo susij¢ nuostoliai lemia maisto nuostoliy van-
dens pédsaka pirminés gamybos etape. Kadangi §i analizé taikoma Lietuvos Ze-
més tkio sektoriui, maisto nuostoliai buvo koreguojami, vertinant maisto nuosto-
lius, nurodytus Lietuvos statistikos departamento teikiamuose Zemés ikio
produkty balansuose, buvo atsizvelgiama tik j Salyje pagaminty produkty dalj
2003-2021 m. laikotarpiu. Tokiu biidu jvertinta vandens pédsako dinamika, susi-
jusi su maisto nuostoliais pirmingje gamyboje (t. y. zemés tkio sektoriuje) Lietu-
voje. Analizé apima kelias kultaras ir yra taikoma grandininiu badu kiekvienus
dvejus metus i§ eilés.

Tegul indeksas zymi i =1,2,..., m i-3jj augala (pasélj), o t— laiko indeksas.
IDA tapatybe reikia nurodyti, kad dominantis kintamasis biity susietas su jo veiks-
niais. Maisto nuostoliy Zemés wikio sektoriuje atveju IDA tapatybé laikoma tokia:

L. Y,
W, = ZWIt Zf St Yit A —A= qulutYn At Ay (10)
i=1 i=1 |t it At

¢ia W — bendrasis vandens pédsakas dél Salyje pagaminty maisto nuostoliy per
metus t; Wit — vandens pédsakas dél maisto nuostoliy paséliams i per metus t; f; -

vandens pédsakas paséliams i; Liy — maisto nuostoliai paséliams i per metus t; Yit
— paséliy i derlius per metus t; Air — paséliy plotas i per metus t; A; — bendrasis
plotas, apsétas t metais.

Santykinj indeksg galima i$vesti i§ absoliu¢iy kintamyjy: li, Yit ir ai rodo
atitinkamai nuostoliy lygio, derliaus ir paséliy miSinio poky¢iy poveikj. Svarbu,
kad daroma prielaida, jog vandens pédsakai, laikui bégant, isliks nepakite.
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Tuomet statinis tapatumas (10) naudojamas bendrojo vandens pédsako poky-
¢iui apibrézti. 0 ir T nurodomas atitinkamai kaip bazinis ir dabartinis laikotarpis.
Bendrojo vandens pédsako pokytj galima apibréZti ir apskaiciuoti:

AW =Wr Wy =Ag +4)+4, +4,+ 4. (11)

Siuo atveju keturi desinéje puséje esantys veiksniai atitinka (10) punkte pa-
teiktus terminus. Galima pastebéti, kad As dél invariantiniy vandens pédsako
veiksniy Sioje aplinkoje bus lygus nuliui. Trys veiksniai Aj, Ay, Aa — yra susij¢ su
intensyvumu ir struktiiriniais poky¢iais. Tiksliau, A fiksuoja nuostoliy lygio po-
kyti. Nattralu, kad dél didé¢jancio maisto nuostoliy skaiciaus padidéja vandens
pédsakas. Didéjantis derlius taip pat padidina vandens pédsakg ir §j efektg uzfik-
suoja Ay. Kadangi skirtingi paséliai yra susije su skirtingais derliaus ir vandens
pédsako veiksniais, paséliy strukttiros pokyciai taip pat gali turéti jtakos vandens
pédsakui. Tai vertinama pagal struktiirinj terming Aa. Kiti veiksniai lieka fiksuoti.
Padidéjus bendrajam apsétam plotui, padidéja vandens pédsakas. Tai yra platus
veiksnys Aa.

(11) formuléje nurodytas rysys turi biiti apdorojamas matematinémis priemo-
némis, kad bty galima kiekybiSkai jvertinti poveikj jo deSinei pusei. Modeliui
sudaryti bus taikomas logaritminio vidurkio (angl. Divisia index LMDI) (Ang,
2015) indeksas. LMDI procentinj pokytj priskiria absoliu¢iam suvestinio rodiklio
poky¢iui, paskui paskirsto aiskinamojo faktoriaus kintamyjy procentiniams poky-
¢iams. Sie skaiGiavimai remiasi uZregistruotais augimo tempais, uztikrinanéiais,
be kita ko, tokias pageidaujamas savybes kaip laiko apsisukimas ir tobulas skili-
mas.

Salygos apskai¢iuojamos taip:

AI_glnwﬁ InW,O ( j (12)
A =T T0 (V'_T (13)
i 1|nW|T |nW|o Yio
il iT
Aa= lenw,T InWIO (a_ a4
Ar
A= ZInWIT InW,(J (K (15)
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Reikia pazyméti, kad (12)—(15) formulémis apibréziamas visy zemés tkio
augaly agregavimas, taciau jis gali buti atliekamas ir tarp jy pogrupiy. Skaiciavi-
mai gali buti atlieckami tam tikrg laikotarpj, o rezultatas gali btiti sumuojamas kiek-
vienais metais. Duomenyse rodomos nulinés vertés apdorojamos eilutése pagal
Ang ir Liu (2007).

Paséliy jvairovés matavimo svarbg tyrimui 1émé tai, kad jis turi jtakos (14)
formuléje nurodytam paséliy struktiiros koregavimo terminui ir atspindi paséliy
jvairovés tiksly, kuriais grindziama tvaraus Zemés tikio koncepcija, jgyvendinima.
Siuo atveju galima taikyti ekonomikos tyrimuose naudojamus koncentracijos ma-
tus. Herfindahlio ir Hirschmano indeksas (angl. Herfindahl-Hirschman index) yra
vienas i$ rySkiausiy koncentracijos maty (Rhoades, 1993). Jis gali biiti normali-
zuotas (Owen, 2007), kad biity nustatytos atitinkamai minimalios ir maksimalios
koncentracijos ribos. Normalizuotasis Herfindahlio ir Hirschmano indeksas aps-
kai¢iuojamas taip:

u 1
LW

HHI ==L —— (16)

1

1- =

m

¢ia 0 — rodo tobulg paséliy jvairove; 1 — minimalig paséliy jvairove, kai visg
paséliy plota uzima vienas Zemés iikio augalas.

Pasitilyta maisto sistemos tvarumo vertinimo metodika apima skirtingus tie-
kimo grandinés lygmenis ir skirtingas tvarumo dimensijas. Vertinimui sitiloma
naudoti objektyvius ir subjektyvius duomenis. Dazniausiai remiamasi daugeliu
skirtingy rodikliy siekiant uztikrinti analizés visapusiskuma.

2.4. Antrojo skyriaus iSvados

1. Disertaciniame darbe sitiloma nauja Zemés tikio maisto produkty tieckimo
grandinés gyvybingumo vertinimo sistema, esant jvairiam ja neigiamai
veikian¢iam iSorés poveikiui. Sukonstruota metodologija pagrista eks-
perty vertinimo apdorojimo technika, kurig istobulino Monte Karlo mo-
deliavimas. Disertaciniame tyrime sukurta metodika leidzia jvertinti
skirtingy scenarijy poveikj tickimo grandiniy gyvybingumui, remiantis
svarbiais maisto sistemos tvarumui kriterijais.

2. Jauniesiems tkininkams skirtas klausimynas strukttiruotai apklausai at-
likti parengtas taip, kad apdorojant gautus duomenis biity galima jvertinti
respondenty demografines, socialines, verslo veiklos ir paramos val-
dymo charakteristikas. Visos $ios savybés svarbios apibréziant jaunyjy
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3.

akininky elgseng, priimant sprendimus dél tkininkavimo perspektyvumo
ir tvarumo, taip pat padedant jvertinti vieSosios politikos intervencijy po-
veik] ir jy tikslinguma ateityje. Be to, atsakymy j klausimus galimybés
buvo parengtos taip, kad biity galima jvertinti maisto sistemos tvarumo
koncepcijos aspektus.

Siekiant kiekybisSkai iSanalizuoti keturiy veiksniy (bendrojo apséto ploto,
paséliy jvairovés, derlingumo ir maisto nuostoliy rodiklio) poveikj van-
dens istekliams, susijusiems su maisto nuostoliais Zemés tikio ir maisto
produkty grandinéje, tyrimo metu pritaikyta indeksinio iSskaidymo ana-
lizé. Logaritminis vidurkis buvo pritaikytas kaip indekso i$skaidymo j-
rankis. Paséliy jvairové matuota taikant Herfindahlio ir Hirschmano in-
deksa. Paséliy jvairovés matavimo svarbg 1émé tai, kad jis turi jtakos
paséliy struktiiros koregavimo terminui ir atspindi paséliy jvairovés
tiksly, kuriais grindziama tvaraus zemés tikio koncepcija, igyvendinima.






Empirinis maisto sistemos
tvarumo tyrimas

Treciajame skyriuje atskleistas ir pateiktas tiekimo grandiniy gyvybingumo, ly¢iy
lygybés ir karty kaitos bei maisto praradimy ir vandens pédsako poveikis tvario-
sios maisto sistemos plétrai Lietuvoje. Sios maisto sistemos sisteminei analizei
taikoma misrioji metodologija, jungianti apklausas, statisting analize, ekspertinius
vertinimus, daugiakriterius metodus pagal sukonstruota metodologija, leisiancia
sistemiskai jvertinti tvarumo dimensijy poveikj tvariosios maisto sistemos plétrai.
Maisto tiekimo grandiniy gyvybingumo jtakai vertinti taikomi eksperty apklausa,
sutvarkytasis svertinis vidurkis, laipsniskai sutvarkytasis svertinis vidurkis ir
Monte Karlo simuliacija. Karty kaitos ir lyCiy lygybés jtaka vertinta, pasitelkiant
strukttiruotg apklausg, koreliacinés analizg, T-testa, Kruskalio ir Walliso testa, Chi
kvadrato testa. Maisto praradimy ir vandens pédsako jtaka vertinta, taikant in-
dekso iSskaidymo analizés, logaritminio vidurkio metodus, normalizuota Her-
findahlio ir Hirschmano indeksa.

Skyriaus tematika paskelbtos 2 autoriaus publikacijos (Balezentis et al.,
2023a; Ribasauskiene et al., 2024a).

31
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3.1. Maisto tiekimo grandiniy gyvybingumo poveikio
maisto sistemos tvarumui vertinimas

Metodas buvo isbandytas jvertinus COVID-19 ir Ukrainos karo sukelta poveikj
Lietuvos zemés tikio ir maisto produkty tiekimo grandiniy gyvybingumui.

Tyrimo rezultatai rodo, kad didZiausig neigiama poveikj zemés tikio ir maisto
produkty tiekimo grandinés gyvybingumui kriziy akivaizdoje turéjo energijos su-
vartojimas. 2020-2022 m. laikotarpiui biidingas energijos kainy ir gamybos
sanaudy augimas (3.1 pav.). Atsinaujinanciosios energijos dalis turéjo tendencija
didéti, i§ dalies kompensuodama energijos kainy Suolj. Tyrimas atskleidé, kad pel-
ningumas Lietuvos Zemés tikio maisto sektoriuje buvo pagrindiné problema tiek
gamintojams, tiek perdirbéjams. Sio tyrimo rezultatai, kaip ir ankstesniy tyrimy
rezultatai, parod¢, kad analizuojamyjy kriziy poveikis buvo netolygus skirtingos
specializacijos, valdymo intensyvumo, tikio dydzio, pardavimo kanaly ir gami-
namy produkty savybiy tkiams.
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*Neigiamo poveikio kriterijai.

3.1 pav. Atskiry gyvybingumo kriterijy poveikis, esant konkre¢ioms krizinéms
situacijoms Lietuvoje (eksperty vertinimas)
Fig. 3.1. Impact of individual viability criteria in specific crises in Lithuania
(expert assessment)
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Tyrimo rezultatai taip pat parodé ir augancias produkcijos apimtis. Aki-
vaizdu, kad tai gali biiti netiesioginé tiekimo grandinés sutrikimy pasekmé ir ro-
dyti, kad gamybos veikla iSliko nenutraikusi. Kita vertus, Austrijos tikininky patirtj
atskleidziantys mokslininkai nustaté, kad COVID-19 pandemija tur¢jo ne tik nei-
giama, bet ir teigiamg poveikj gamybai, skatindama inovacijas, pvz., zemés iikio
produkcijos perdirbimo ir veiklos procesy automatizavimo masty didinimg. Tuo
tarpu Norvegijos mokslininkai nurodé, kad 60 proc. apklaustyjy tkininky pazy-
méjo, jog pandemija jy tikiams neturéjo jokio neigiamo poveikio arba turéjo mazai
itakos, ir né vienas is jy nepatyré didelio neigiamo poveikio. Ir atvirks¢iai, 80 proc.
respondenty nurodé teigiama poveikj, susijusj su padidéjusia vietoje pagaminto
maisto paklausa, o 40 proc. nurodé¢ apie intensyvesnj naujy internetiniy arba tie-
sioginiy rinkodaros priemoniy naudojima.

Taikant simuliacija, ekspertiniai jver¢iai buvo agreguoti ir gautas agreguoty
reik§miy tikimybinis pasiskirstymas. Jis leidzia jvertinti galimg konkreciy kriziy
poveikj tiekimo grandiniy (etapy) gyvybingumui, atsizvelgiant j visus kriterijus.
Gauti rezultatai parodé¢, kad COVID-19 pandemijos neigiamas poveikis zemes G-
kio maisto tiekimo grandinés gamybos ir perdirbimo etapams (S1 ir S3) Lietuvoje
buvo didesnis, palyginti su karinio konflikto Ukrainoje padariniais. Vertinant CO-
VID-19 pandemijos padarinius, tyrimo rezultatai rodé kiekybiSkai panaSius gali-
mus tiekimo grandinés gyvybingumo nuostolius pirminés gamybos ir perdirbimo
etapuose. Taigi pandemijos sukelta kriziné situacija galéjo turéti panaSaus masto
neigiamy padariniy tiek Gkininkams, tiek perdirbimo jmonéms .

Suvestiniy baly paskirstymo statistikos rezultatai atskleidé, kad karinio konf-
likto Ukrainoje padariniai neturéjo bendrojo neigiamo poveikio perdirbimo sek-
toriui (S4). Visgi rezultatai parodé, kad dél karo Ukrainoje smarkiai iSaugus ener-
gijos sanaudoms, trasy ir pasary kainoms, gerokai sumazéjo tikiy pelningumas.
Siuo atveju tai labiausiai paveiké pirming gamyba (S2) (3.2 pav.).
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3.2 pav. Kriziniy situacijy poveikio tiekimo grandinés gyvybingumui bendryjy baly
empirinis pasiskirstymas
Fig. 3.2. Empirical distribution of the impact of crises on the viability
of the supply chain
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Tyrimo metu taip pat buvo siekiama nustatyti tinkamiausias strategijas, kaip
uztikrinti Zemés tikio maisto produkty tiekimo grandinés gyvybinguma kriziy at-
veju (3.3 pav.).

Bendradarbiavimas Diversifikavimas
Inovacijy diegimas Ziniy atnaujinimas
Pridétiné verté
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Praradimy apimtys Pelningumas
VIdthInIS dqrbo Mokumas
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Prieinamumas prie Prieinamumas prie
darbo istekliy kredity

3.3 pav. Eksperty pateikti vidutiniai balai, atspindintys bendradarbiavimo,
diversifikavimo, inovacijy diegimo, Ziniy atnaujinimo strategijy poveikj zemés tkio
sektoriaus tiekimo grandiniy gyvybingumo rodikliy poky¢iams (skaléje nuo -5 iki 5),
remiantis eksperty apklausa
Fig. 3.3. Average scores provided by experts, reflecting the impact of cooperation,
diversification, innovation, and knowledge renewal strategies on changes in the viability
indicators of supply chains in the agricultural sector (on a scale from -5 to 5),
based on an expert survey

Eksperty atliktas galimy COVID-19 pandemijos $velninimo strategijy povei-
kio zemés tkio sektoriui vertinimas parodé, kad inovacijy strategijos gali turéti
itakos jvairiausiems rodikliams, pagal kuriuos nustatomas zemés iikio tiekimo
grandiniy gyvybingumas. Todé¢l su inovacijy strategija susijusios priemonés yra
svarbiausios, kai sitilomos veiksmingos priemonés nepageidaujamiems ardomyjy
ivykiy padariniams Salinti. Nors, taikant inovacijy strategija, didéja energijos su-
vartojimas, dé¢l Sios strategijos priemoniy padidéja naudojamos atsinaujinancio-
sios energijos dalis. Todél reikia jvertinti daugialypj poveikj, kuriuo siekiama
skirtingy tvarumo ir gyvybingumo tiksly kryp¢iy.

Bendradarbiavimo strategija gali turéti pakankamai intensyvy teigiamg po-
veikj zemés wkio sektoriaus atsparumo lygiui ir padéti uztikrinti jo tvarumg, ma-
Zinant maisto nuostolius. [vairinimo strategija gali turéti teigiama poveikj Zemés
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akio sektoriaus atsparumo augimui, taciau ji taip pat gali turéti neigiamg poveikj
zemes tikio sektoriaus tvarumui, nes didina energijos suvartojimg ir mazina gali-
mybes naudotis darbo iStekliais.

Maziausias teigiamas poveikis Zemes iikio sektoriaus gyvybingumo uztikri-
nimui, pasak eksperty, gali buti dél ziniy kiirimo strategijos taikymo. Tokj zema
Ziniy atnaujinimo strategijos vertinima gali lemti jos jgyvendinimo sudétingumas,
kuriam jtakos turi darbo istekliy specifika Lietuvoje, kur Zemés tikio sektoriui ak-
tualioje darbo rinkoje jauciamas aukstos kvalifikacijos specialisty trikumas.

3.2. Karty kaitos ir ly€iy lygybés poveikio maisto
sistemos tvarumui vertinimas

Disertaciniame darbe nagrinéjamas finansinés paramos jauniesiems tikininkams
iniciatyvos pagal bendraja zemés iikio politika (BZUP) poveikis maisto sistemos
tvarumui. Lietuvos jaunyjy tikininky ketinimai ir priimami sprendimai analizuo-
jami pagal tvarumo koncepcija, kuri apima tris aspektus: ekonominj, socialinj ir
aplinkosaugos. Aptariamas ES paramos jauniesiems tikininkams loginis pagrin-
das. Empiriné analizé remiasi anketine apklausa. Apklausoje daryta prielaida, kad
jaunasis tikininkas yra asmuo, uzsiimantis tikininkavimo veikla, jaunesnis nei
40 mety (kaip tai apibrézta 2014-2020 mety Lietuvos kaimo plétros plane nu-
matytos paramos teikimo reikalavimuose). Apklausoje dalyvavo 478 jaunieji
tikininkai. 473 anketos buvo priimtos kaip tinkamos tyrimui. Tyrimo re-
prezentatyvumas uztikrintas su 95 proc. tikimybe. 80 proc. apklausoje dalyva-
vusiy jaunyjy tkininky nuolat gyvena kaime, 59 proc. respondenty turi aukstaji
universitetinj i$silavinima, 52 proc. respondenty — jaunieji tkininkai, kurie spe-
cializuojasi augalininkystéje, 13 proc. — gyvulininkystéje ir 35 proc. sudaré misri-
ojo ukininkavimo tkiai. Vidutinis apklausty jaunyjy tkininky tkio dydis —
76,5 ha.

Analizuojant tiesioginiy iSmoky jauniesiems iikininkams nauda, nustatyta,
kad §i paramos schema labiausiai prisideda prie pajamy lygio, skatina investicijas
} ekonoming plétra, aktyvina papildomg tkininkavimo veiklg.

Ivertinus analizuotos paramos schemos nauda, susijusig su iikio dydziu, nus-
tatyta, kad 6 i§ 7 jauniesiems tkininkams skirty paramos veiksmy yra naudingesni
maziems dikiams, t. y. jaunyjy tkininky gaunamos tiesioginés iSmokos labiau pa-
deda uztikrinti smulkiy iikiy pajamy lygi, palyginti su dideliais (sukuriant papil-
domus pajamy Saltinius), padeda rasti naujy rinky gamybai, skatina papildomus
tkininkavimo biidus (sudarant daugiau galimybiy jvairinti Gking veiklg), lemia
sprendimus testi tikininkavima ir likti kaime, skatina tkininkavimo subjekty
plétra. Apklausa parodé, kad apklausti jaunieji tkininkai mano, jog tiesioginés
i8mokos jauniesiems tkininkams néra svarbios kuriant naujas darbo vietas, ypac
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mazuose tikiuose (3.1 lentelé¢). Siuos rezultatus galima paaiskinti masto ekonomi-
jos poveikiu, kai tolesné tikiy plétra tampa ekonomiskai nepagrista.

3.1 lentelé. Rysys tarp respondenty tikio dydzio (ha) ir suvokiamo tiesioginiy iSmoky
jauniesiems tikininkams poveikio*

Table 3.1. Relationship between the size of the respondents’ farm (ha) and the perceived
impact of direct payments to young farmers

Pajamy lygio uztikrinimas -0,17 0,000 4,31 0,053
Naujy rinky paieska -0,12 0,007 2,91 0,058
[ril;;mnkawmo veiklos jvairini 015 0,001 232 0,061
Sprendimas testi tikininkavima -0,18 0,000 3,81 0,059
Isikiirimas kaimo vietovéje -0,09 0,044 3,47 0,064
Investavimas -0,10 0,029 3,91 0,059
Naujy darbo viety kiirimas 0,01 0,881 3,11 0,063

* Didesnés kintamyjy vertés rodo didesnj indélj j lentelés eilutése iSvardytus efektus; paryskinti
langeliai rodo koreliacijos koeficientus, reik§mingai besiskirian¢ius nuo nulio (p < 0,05).

Kadangi pradedanciyjy Zemés tkio subjekty mazesniems iikiams triksta pa-
jamy, papildomos finansinés pajamos yra labai svarbios, uztikrinant Zemés tikio
veiklos tgstinumg. Tyrimo rezultatai rodo, kad mazesni tikiai nesugeba uztikrinti
iikio plétros savo léSomis ar prisidéti prie karty kaitos.

Tiesioginés iSmokos misryjj iikj plétojantiems jauniesiems iikininkams yra
svarbesnés nei kity specializacijy jauniesiems tkininkams, priimant sprendima
likti kaime, gyvulininkystés ir miSriosios specializacijos Gikiams — investuoti j U-
kio plétrg. Tokie rezultatai rodo, kad tiesioginiy iSmoky jauniesiems tkininkams
schema padeda uztikrinti ikininkavimo jvairinima.

Karty kaitos zemeés tkyje galimybes taip pat sukuria investiciné parama jau-
niesiems tkininkams, kad jie galéty steigti ir plétoti savo tikius. Jaunieji tikininkai,
turintys aukstajj iSsilavinima ir daugiau zemés iikio paskirties Zemes, yra labiau
linke kreiptis dél paramos investicijoms, skirtos zemés tikio subjekty steigimui ir
plétrai. Tai rodo Svietimo svarba, priimant sprendimus pradéti ir testi Gikininka-
vimg. Apklausa atskleidé, kad jaunieji tkininkai, ketinantys uzsiimti gyvulinin-
kyste, yra labiau linkg kreiptis paramos jsikiirimui (3.2 lentelé).



3. EMPIRINIS MAISTO SISTEMOS TVARUMO TYRIMAS

37

3.2 lentelé. Jaunyjy tkininky dalyvavimo investicinés paramos priemonése vertinimas*
Table 3.2. Assessment of the participation of young farmers in investment support

measures
Kintamieji Dalyvaujantieji Nedalyvaujantieji | Reik§mé
Kiirimas
Vidutinis Zemés tikio
naudmeny plotas, ha 1018 57,0 p <0,0001
Kaimo vietovése gyve-
nanciyjy tikininky dalis, 79,1 80,5 p =0,7084
%
Aukstaji iSsilavinima tu- _
rinéiujy akininky dalis, % | ©7*° 536 p =0,002911
augalininkystés — | augalininkystés —
ki ki 37,2 62,8
f.aS‘SO/‘rStymaS PagaiuXlo | oy vulininkystés — | gyvulininkystés — | p = 0,001407
P2, 70 62,3 37,7
miSrusis — 46,1 misrusis — 53,9
Vystymas
Vidutinis zemés iikio
naudmeny plotas, ha 110.6 573 p <0,0001
Kaimo vietovése gyve-
nan¢iyjy tkininky dalis, 77,8 81,1 p =0,3919
%
Aukstajj i$silavinima tu- _
rinéiyjy akininky dalis % | 0°'° 54,0 p =0,001084
augalininkystés — | augalininkystés —
54,4 51,0
Pasiskirstymas pagal aikio . . - . p=0,7773
0 gyvulininkystés — | gyvulininkystés —
tipa, % 12,3 13,2

misrusis — 33,3

misrusis — 35,8

* Paryskinti langeliai rodo reikSmingus skirtumus tarp dalyvaujanciyjy ir nedalyvaujanciyjy
tkininky grupiy (p < 0,05); T-testas taikomas ZUN vidurkiui, daliai kaimo vietovése
gyvenanciyjy tkininky ir daliai aukstajj isilavinimg turinCiyjy tkininky; Chi kvadrato testas
taikomas tikiy tipams; pasiskirstymas pagal tikio tipa rodo dalj tam tikro tkininkavimo tipo tikiy,
patenkanciy j dalyvaujanciyjy arba nedalyvaujanciyjy grupg.
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Be to, nors visos politikos priemonés, ypac susijusios su zemeés uikiu, kurias
Europos Sajunga jgyvendina nuo 2013 m., yra nukreiptos ] prisitaikyma prie kli-
mato kaitos (EAA, 2019 m.), tyrimas parodé, kad jaunieji tikininkai, kurie laikomi
labiau iSsilavinusiais, linkusiais j inovacijas, versliais ir labiau tausojanciais ap-
linka, paprastai rodo pasyvuma ir maza susidoméjima gauti konsultacijas ir inves-
ticing paramg prisitaikymui prie klimato kaitos. Tai kelia pavojy bendrajam Eu-
ropos Sajungos BZUP priemoniy jgyvendinimui, nes paprastai laikoma, kad
jaunieji tikininkai yra aplinkosaugos principy taikymo priesakyje (Mills et al.,
2017; Damianos et al., 2018). Pasiektas ir pageidautinas tiesioginiy iSmoky po-
veikis vertinamas 3.3 ir 3.4 lentelése.

3.3 lentelé. Pasiektas tiesioginiy i§moky poveikis Lietuvos jauniesiems tikininkams*
Table 3.3. Achieved impact of direct payments on young farmers in Lithuania

Kintamieji Vyrai Moterys
Pajamy lygio uztikrinimas 4,32 4,27
Naujy rinky paieska 2,9 2,94
Ukininkavimo veiklos jvairinimas 3,32 3,3
Sprendimas testi tikininkavima 3,8 3,84
Isikiirimas kaimo vietovéje 3,48 3,42
Investavimas 3,87 4,08
Naujy darbo viety kiirimas 3,09 3,19

* Taikoma penkiy tasky Likerto skalé, palyginimui taikomas T-testas.

Tyrimas atskleidé, kad tiek vyrai, tick moterys jaunieji tikininkai tiesioginiy
i8Smoky poveikiui teikia vienoda svarba. Maziausia p reikSme (0,13) stebima prii-
mant sprendimg investuoti. Rezultatai rodo, kad jaunosios tkininkés tiesiogines
iSmokas laiko svarbesniu investavimo j zemés tkio veiklg veiksniu (vidutinis ba-
las yra 4,08), palyginti su jaunaisiais tkininkais vyrais (3,87). Nors $is skirtumas
néra reik§mingas (vertinant priimting reikSmingumo lygj), atrodo, kad jaunosios
tikininkés yra labiau linkusios investuoti j Gikininkavimo veikla, jei skiriama pa-
rama. Tai gali reiksti, kad Lietuvoje truksta pradinio kapitalo jaunosioms tikinin-
kéms.

Tai sumazina jauny motery galimybes jsigyti Zemés ir pradéti Zemés iikio
verslg. Dél to maZéja maisto tiekimo grandinés atsparumas, nes moterys, valdy-
damos zemés tkio veiklai kylancias rizikas, labiau linkusios jvairinti Zemés ikio
veikla, keisti ekonominés veiklos krypti, diegti socialines inovacijas.
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3.4 lentelé. Pageidautinas paramos i$moky jauniesiems tkininkams poveikis Lietuvoje*
Table 3.4. The desired impact of support payment on young farmers in Lithuania

Kintamieji Vyrai Moterys IS viso
Avsalininkvstc dukei b 295 63 358
ugalininkystes produkcijos gamyba
SATTIYSTES prodikelos samy 7% 72% 76 %
Guvulininkvsic dukei b 138 26 164
vulininkystes produkcijos gamyba
Y YHIes produicelos samy 36 % 30 % 35 %
B o 125 30 155
Produkcijos perdirbimas
32% 34 % 33%
Jemes akiui al ) " 24 10 34
emes tkiu alternatyviy vei vystymas
v w sty 6 % 11% 7%
. o . 43 9 52
Prisitaikymas prie klimato kaitos
11 % 10 % 11 %
L . 6 4 10
Kokybés uztikrinimo sistemy diegimas
2% 5% 2%

* Skirtumai testuojami, taikant Chi kvadrato testa.

Be numanomo tiesioginiy iSmoky poveikio jauniesiems tikininkams, respon-
denty taip pat buvo klausiama apie pageidaujama paramos iSmoky poveikij. Néra
reik§mingy skirtumy tarp vyry ir motery jaunyjy tikininky preferencijy, taciau mo-
tery tkininkiy, norin€iy plésti gyvulininkystés produkcija, dalis yra 6 proc. ma-
zesné nei vyry tikininky. Jaunosios fikininkés moterys taip pat yra labiau linkusios
pereiti prie alternatyvios Zemés tikio veiklos nei vyrai tkininkai (11 proc. prie$
6 proc.). Be to, moterys tkininkés maziau domisi augalininkystés plétra. Apibend-
rintai galima teigti, kad jaunosios iikininkés yra labiau suinteresuotos plésti savo
veiklg alternatyviose zemés uikiui veiklose, palyginti su Gikininkais vyrais.

3.3. Maisto praradimy ir vandens pédsako poveikio
maisto sistemos tvarumui vertinimas

Pritaikius vandens pédsako vertinamajj kriterijy, iSple¢iama vandens istekliy ver-
tinimo apimtis, pritaikant meélynojo, zaliojo ir pilkojo vandens pédsakus,
susijusius su maisto praradimais maisto sistemoje. Empirinio tyrimo metu
nagrinétas maisto praradimy poveikis aplinkai augalininkystés sektoriuje, kuris
vyrauja Lietuvos zemes tikyje. Buvo naudojami Lietuvos statistikos departamento



40 3. EMPIRINIS MAISTO SISTEMOS TVARUMO TYRIMAS

2003-2021 m. laikotarpio duomenys. I$skirtas 31 Zemés wikio augalas pagal FAO-
STAT taikomus produkty, kuriems nustatytas vandens pédsakas, kodus: javai
(kvieciai, mieziai, kukurtizai, rugiai, avizos, grikiai, kvietrugiai, javy misSiniai,
pupelés, zirniai, vikiai, lubinai, ankStiniai, rapsai); darzovés (bulvés, kopiistai,
pomidorai, Ziediniai kopiistai, moliligai, agurkai, svogtinai, ¢esnakai, morkos, bu-
rokéliai); vaisiai ir uogos (obuoliai, kriausés, vysnios, slyvos, braskes, avietés ir
kitos uogos, serbentai). Vandens pédsakas vienai tonai augalininkystés produkci-
jos (kub. m/t) (19962005 m.) panaudotas remiantis ,,Vandens pédsako tinklo*
(angl. Water footprint network) kaupiamais duomenimis.

Tyrimo rezultatai rodo, kad vandens pédsakas, susijes su maisto praradimais
tiekimo grandinéje, padidéjo nuo 100,5 min. kub. m iki 131,2 min. kub. m. Per
2003-2021 m. laikotarpj vandens pédsakas padidéjo 30,6 proc., ir tai atitinka vi-
dutinj metinj 2,6 proc. augima. Bendrasis paséliais apsétas Zemés tikio naudmeny
plotas ir derlius tampa svarbiausiais veiksniais, lemianciais vandens pédsako pa-
didéjima. Sj poveikj i3 dalies kompensavo paséliy struktiiros poky¢iai ir sumazé-
jes maisto praradimy Kiekis.

Normalizuotasis Herfindahlio ir Hirschmano indeksas (HHI) buvo taikytas
paséliy miSinio pokyciams uzfiksuoti, kai pradiné verté normalizuota iki 100
(3.4 pav.).

Pilkasis == Zaliasis =——= Maisto = =: HHI

Melynasis

VP VP VP praradimai

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 |

3.4 pav. Maisto praradimy, normalizuotojo Herfindahlio ir Hirschmano indekso (HHI) ir
vandens pédsaky (VP) dinamika Lietuvos augalininkystéje 2003—2021 m.
(2003 m. = 100)
Fig. 3.4. Dynamics of food loss, normalized Herfindahl-Hirschman Index (HHI), and
water footprint (WF) in Lithuanian crop production in 2003-2021 (2003 = 100)
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2003-2008 m. HHI nepasikeite, o 20082014 m. turéjo tendencijg nuolat di-
déti. Naujausias 2014-2021 m. laikotarpis pasizyméjo didéjanciais svyravimais,
ry$ki bendra HHI didéjimo tendencija. Didzigjg aptariamojo laikotarpio dalj vy-
ravusi augimo tendencija rodo, kad Lietuvoje paseliy jvairové mazejo. Galima
daryti prielaidas, kad tai susije su BZUP paramos priemonémis, kurios vis labiau
siejamos su naudojama zemes tikio paskirties Zeme. Tyrimo rezultatai atskleidzia,
kad tkininkai buvo linke rinktis pelningiausias kultiiras, o Sie sprendimai léme
paséliy jvairovés sumaz¢jima, susijusj su tvariosios maisto sistemos aplinkosau-
gos aspektu.

Bendrasis zaliojo vandens pédsako pokyc¢iy i$skaidymas pateiktas 3.5 pav.
Augantis paséliy plotas ir derlius iSliko teigiamais veiksniais, prisidedanciais prie
zaliojo vandens pédsako augimo, susijusio su maisto praradimu pirminéje gamy-
boje. Nepalankiy klimato saglygy metais derliaus efektas buvo neigiamas, taciau
Sie reiSkiniai iSliko gana atsitiktiniai. Pastebima, kad paséliy plotas vaidina vis
didesnj teigiamg vaidmenj, nes nuolat didéjo apséti plotai.
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3.5 pav. Bendrasis maisto praradimy Zaliojo vandens pédsako poky¢iy i§skaidymas
2004-2021 m., palyginti su 2003 m.
Fig. 3.5. Overall breakdown of changes in the green water footprint of food loss between
2004 and 2021 compared to 2003

Poveikis paséliy strukttirai tebebuvo neigiamas, taciau jis atitiko U formos
tendencijg, nes didziausias suminis poveikis buvo pastebétas 2014-2015 m., o
mazesnis poveikis pastebimas nagrinéjamojo laikotarpio pradZioje ir pabaigoje.
Nuostoliy lygis taip pat atitiko U formos tendencija, kuri labiausiai prisidéjo prie
zaliojo vandens pédsako mazéjimo mazdaug 2012-2013 m. ir mazesnio poveikio
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iki $io momento ir véliau. Augantis paséliy plotas lemty, kad zaliojo vandens
pédsakas biity iSauges apie 49 mln. kub. m. Dél padidéjusio derliaus Zaliojo van-
dens pédsakas padidéjo 7 min. kub. m. Paséliy struktiiros koregavimas ir nuostoliy
lygio mazéjimas lemty Zenkly Zaliojo vandens pédsako sumazéjima, atitinkamai
8 min. kub. m. ir 19 min. kub. m.

Bendrasis mélynojo vandens pédsako pokyc¢iy, susijusiy su maisto nuostoliais
pirminéje gamyboje Lietuvoje, i§skaidymas pateiktas 3.6 pav. Mélynojo vandens
pédsakas didziaja nagrinéjamojo laikotarpio dalj turéjo tendencija mazéti, paly-
ginti su pradiniu 2003 m. lygiu. Didéjantis derlius prisidéjo prie didéjancio mély-
nojo vandens pédsako. Taciau derliaus poveikis nagrinéjamuoju laikotarpiu turéjo
skirtingg poveikj, nes paséliy auginimui reikalingus mélynojo vandens isteklius
gali labai paveikti nepalankios klimato salygos (pvz., sausros).
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3.6 pav. Bendrasis maisto praradimy mélynojo vandens pédsako pokyciy i§skaidymas
2004-2021 m., palyginti su 2003 m.
Fig. 3.6. Overall breakdown of changes in the blue water footprint of food loss between
2004 and 2021 compared to 2003

Apibendrinus matyti, kad 2003-2021 m. laikotarpiu mélynojo vandens
pédsakas, susijes su maisto praradimu, sumazéjo 0,09 min. kub. m. Sj sumazéjima
léme paséliy struktiiros koregavimas ir nuostoliy lygio sumazéjimas.

Bendrasis pilkojo vandens pédsako poky¢iy, susijusiy su maisto praradimais
Lietuvoje, isskaidymas pateiktas 3.7 pav.
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3.7 pav. Bendrasis maisto praradimy pilkojo vandens pédsako pokyc¢iy iSskaidymas
2004-2021 m., palyginti su 2003 m.
Fig. 3.7. Overall breakdown of changes in the grey water footprint of food loss between
2004 and 2021 compared to 2003

Galima jzvelgti bendraja tendencija, kad pilkojo vandens pédsakas, susijes su
maisto praradimais, 20052021 m. turéjo tendencijg didéti, tadiau teigiamas vertes
jis pasieké tik per paskuting laikotarpio dalj (2015-2016 m. ir 2019-2021 m.).
Paséliy ploto poveikis isliko teigiamas per visa nagrinéjamajj laikotarpj, nes dél
didéjancio apséto ploto padidéjo vandens paklausa, susijusi su agrocheminiy me-
dziagy isStirpimu.

3.4. Tre€iojo skyriaus iSvados

1. Tyrimo rezultatai atskleidé, kad didziausig neigiama poveikj tiekimo
grandinés gyvybingumui kriziy akivaizdoje turi energijos suvartoji-
mas. 2020-2022 m. laikotarpiui budingas energijos kainy ir kartu ga-
mybos sgnaudy augimas. D¢l to mazéjantis pelningumas buvo kaip
pagrindiné problema visiems tiekimo grandinés dalyviams. Tyrimo re-
zultatai parodé, kad kriziniy situacijy poveikis gali biiti netolygus
skirtingos specializacijos, valdymo intensyvumo, tikio dydzio, parda-
vimo kanaly ir gaminamy produkty savybiy tiekimo grandinés daly-
viams. Kita vertus, tyrimo rezultatai taip pat parod¢ ir augancias pro-
dukcijos apimtis, ir tai rodo, kad tiekimo grandinés isliko
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nenutriikstamos. Tai byloja apie jy gyvybinguma, o kartu ir teigiama
poveikj maisto sistemos tvarumui.

Eksperty jvertintas atsparumo, tvarumo ir judrumo uztikrinimo strate-
gijy poveikis Zemes tkio sektoriaus tiekimo grandiniy gyvybingumo
rodikliy pokyciams parodé, kad inovacijy strategijos gali turéti jtakos
jvairiausiems rodikliams, pagal kuriuos nustatomas Zemeés kio tie-
kimo grandiniy gyvybingumas. Todél su inovacijy strategija susijusios
priemonés yra svarbiausios, kai sitilomos veiksmingos priemongs tie-
kimo grandiniy gyvybingumui uZtikrinti. Be to, atskiry atsparumo,
tvarumo ir judrumo strategijy (bendradarbiavimo, jvairinimo, inova-
cijy, Ziniy atnaujinimo) taikymas gali turéti skirtingg poveikj atski-
riems gyvybingumo rodikliams ir bendrajam konkreciy zemés tikio
sektoriaus subsektoriy gyvybingumui. Todél, rengiant politikos prie-
mones, kuriomis baty $velninami tiek neigiami COVID-19 padariniai,
tiek galimi neigiami kity galimy kriziy padariniai, tikslinga jas vis la-
biau gristi sektoriniu pozitiriu, t. y. rengti atskiras paramos schemas ir
paketus konkretiems zemés tikio sektoriaus subsektoriams, jvertinant
esamg jy gyvybinguma.

Tyrimo metu nustatyta, kad karty kaita Lietuvos maisto sistemoje néra
pakankama, o finansiné parama jaunyjy tikininky jsikiirimui yra svarbi
priimant sprendimg pradéti tikininkauti ir testi ikininkavima, taip pa-
dedant uztikrinti socialinj lygiateisiSkuma maisto sistemoje, o kartu ir
jos tvaruma.

Tyrimo rezultatai taip pat atskleidé, kad iSmokos jauniesiems tikinin-
kams, nepriklausomai nuo tikio dydzio ar tikininkavimo tipo, prisideda
prie dikininkavimo veiklos jvairinimo, maZzina jautruma kintantiems
vartotojy poreikiams ir rinky netikrumui, taip sudarant salygas maisto
sistemai tapti lankstesnei ir labiau prisitaikanéiai. Investicijos, numa-
tytos jaunyjy tikininky finansinés paramos iniciatyvoje, kuriomis sie-
kiama padidinti iikininky gebéjimus perdirbti savo zemés iikio pro-
dukcija, kad bty sukurti didesnés pridétinés vertés produktai, atitinka
BZUP 2021-2027 m. tiksla — sutrumpinti Zemés dikio produkty tie-
kimo grandines, ir taip didina maisto sistemos tvaruma.

Nustatytas ypatingas konsultacijy dél verslo plano rengimo poreikis
rodo, kad jaunieji oikininkai yra labiau orientuoti | gamyba, jiems
triiksta verslavimui reikalingy ziniy, ir tai gali bati laikoma grésme
tvariosios maisto sistemos plétrai. Tyrimo rezultatai rodo, kad tkio
dydis vaidina svarby vaidmenj, formuojant konkrec¢iy konsultavimo
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10.

11.

paslaugy paklausa. Tai rodo konsultavimo modeliy poreiki, pagal ku-
riuos ekonominiai ir aplinkos aspektai negali biiti vienodai aprépiami
ir maziems, ir dideliems jaunyjy tkininky valdomiems tkiams, tei-
kiant vienodg parama.

Tyrimo metu nustatyta, kad tiesioginés iSmokos pagal paramos jaunie-
siems tikininkams finansinj mechanizma daro daug didesnj poveiki
smulkiesiems tikininkams. Todél galima teigti, kad §i finansinés para-
mos forma panasi j socialinés paramos priemong, kuri sudaro prielai-
das teigiamai paveikti socialinj maisto sistemos tvarumo aspekta. Sie-
kiant padidinti Sios finansinés intervencijos veiksminguma, teikiant
vie$gjg paramg, daugiau démesio turéty biti skiriama smulkiesiems ir
vidutiniams tkiams.

Tyrimo rezultatai atskleidé, kad lyCiy lygybé Lietuvos Zemés iikyje
yra gana patenkinamo lygio ir atitinka auksta bendraja Lietuvos padétj
ly¢iy lygybés indekse (EIGE, 2020), nors ir yra nustatyti tam tikri as-
pektai, siekiant pagerinti padét;.

Tyrimo rezultatai parodé¢, kad aktyvesnis motery dalyvavimas Zemés
tkyje galéty lemti didesnj socialinj maisto sistemos tvaruma, nes pap-
rastai daugiau motery nei vyry turi aukstajj iSsilavinima. Taciau §io
potencialo panaudojimg vis dar riboja tai, kad Zemés iikis laikomas
vyry verslu, o Zzemés iikio paskirties zemés savininkai nori perduoti
tikininkavimo testinuma vyriskos lyties palikuoniams. Sis pozitiris la-
bai sumazina jauny motery galimybes pradéti zemés tikio versla, nes
kiti budai jsigyti zemés ES valstybése narése yra pakankamai sudé-
tingi.

Tyrimo rezultatai atskleidé, kad didesnis motery dalyvavimas svarbus
dar ir dél to, kad jos labiau linkusios | daugiafunkce zemés tikio plétra
ir yra linkusios keisti Zemés tikio veiklos kryptj, imtis socialiniy ino-
vacijy. Tai itin svarbu, uztikrinant tvariosios maisto sistemos plétra,
ypac susidarius krizinéms situacijoms.

Atskleistas didesnis motery, palyginti su vyrais, polinkis | naujoves.
Jy susidoméjimas plésti veikla uz tradicinés Zemés tikio srities riby yra
labai svarbus, uZztikrinant ilgalaikj Zemés tkio sektoriaus tvaruma, nes
pripaZjstama, kad tam bitinas daugiapakopis produkty, veiklos ir fi-
nansiniy $altiniy jvairinimas.

Atskleistas didesnis motery aplinkosauginis sgmoningumas taip pat
laikomas svarbiu, nes sukuria prielaidas lengviau pritaikyti klimato
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poziurriu pazangius Zemés ukio veiklos metodus ir gali padéti suSvel-
ninti vieng i$ neigiamy BZUP jgyvendinimo aspekty — did¢jancia dir-
vozemio degradacija.

12. Tyrimo rezultatai atskleidé, kad augalininkystés ploty ir gamybos in-
tensyvumo poky¢iai, patirti augalininkystés praradimai 1émé zaliyjy ir
pilkyjy vandeny pédsako padidéjimg 2003-2021 m. Kartu did¢jo ir
paséliy koncentracijos koeficientas, kuris rodo, kad nuo 2008 m. dél
tkininkaujantiems teikiamos tiesioginés pajamy paramos spartéjo au-
galininkystés plétra Lietuvoje. Tai lémé biologinés jvairovés mazé-
jimg. Dél to vis maziau buvo uztikrinamas maisto sistemos neutralu-
mas aplinkai, t. y. mazéjo jos tvarumas.

Tyrimui galioja $ie apribojimai:

— disertacijoje atliktas tyrimas yra skirtas Lietuvos atvejui. Jo rezultatus ak-
tualu jvertinti tarptautiniame kontekste, kuris apima specifinius ekono-
vaizdzio salygas, Zzemés wkio veiklos struktiirg ir kt. Tai leisty jvertinti
tiekimo grandinés dalyviy taikomy pasirinkimy ir nacionaliniy politikos
priemoniy jtaka, uztikrinant tvariosios maisto sistemos plétra.

— disertacijoje pristatomi tyrimai remiasi pirminiais ir antriniais duo-
menimis. Jy prieinamumas apriboja disertacijos tyrimy apréptj. Diserta-
cijoje maisto praradimy ir vandens pédsako jtakos maisto sistemos
tvarumui vertinimas atliktas, naudojant 2003-2021 m. duomenis. Toks
laikotarpis pasirinktas siejant jj su ES bendrosios zemés tkio politikos
(BZUP) jgyvendinimo finansiniais laikotarpiais, kad biity galima
vertinti politiniy sprendimy ir valstybés finansiniy intervencijy poveiki
maisto sistemos tvarumui uztikrinti. Paskutinysis ES BZUP jgyvendi-
nimo laikotarpis apémé 2014-2020 m., kurio jgyvendinimo inercinis
poveikis dar buvo juntamas ir 2021 m. Tolesniuose tyrimuose tikslinga
nagrinéti duomenis, apimant ES BZUP iki 2027 m. jgyvendinimo
laikotarpj. Be to, galima nagrinéti skirtingas valstybes ar zemés iikio
subsektorius.



Bendrosios iSvados

1. Atlikta sisteminé literatiiros analizé atskleidé, kad maisto sistemos tvarumo
samprata yra sudétinga daugialypé konstrukcija. Disertacijoje susisteminti maisto
sistemos tvarumo koncepcijos operacionalizavimo budai, kurie skiriasi priklauso-
mai nuo to, ar tiriamas faktinis maisto sistemos tvarumas, ar tvarumo potencialas.
Sisteminimo rezultatai atskleide, kad maisto sistemos faktinj tvaruma tinkama
vertinti remiantis jos ekonoming, socialing ir aplinkosaugine tvarumo dimensijas
matuojanéiais aspektais. Ekonomineg dimensija tikslinga vertinti, matuojant tie-
kimo grandiniy adekvatuma, kai vertinamas maisto tiekimo grandinés gyvybin-
gumas. Socialine dimensija tikslinga vertinti socialinio lygiateisiSkumo poziiiriu,
vertinant karty kaitg ir ly¢iy lygybe. Aplinkosaugine dimensijg tikslinga nagrinéti
neutralumo aplinkai pozitiriu, kai vertinami maisto praradimai ir vandens pédsa-
kas.

2. Pasiiilyta nauja maisto sistemos tvarumo vertinimo metodika apima tokius
maisto sistemos tvarumo vertinimo rodiklius: ekonominés dimensijos vertinimo
rodiklj — maisto tiekimo grandiniy atsparuma ir judruma; socialinés dimensijos
vertinimo rodiklj — jaunyjy tkininky (ly¢iy aspektu) elgsena, priimant sprendimus
dél tkininkavimo perspektyvumo ir tvarumo, taip pat padedant jvertinti vieSosios
politikos intervencijy poveiki ir jy tikslinguma ateityje; aplinkosauginés dimensi-
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jos vertinimo rodiklius — zaliajj, pilkaji, mélynaji vandens pédsaka ir paséliy kon-
centracijos koeficienta. Nustatyti rodikliai veikia tvariosios maisto sistemos ma-
tuojamus aspektus tiek tiesiogiali, tiek netiesiogiai ir tiek teigiamai, tiek neigiamai.

3. Susisteminti faktinio maisto sistemos tvarumo vertinimo metodai priklauso
nuo nagrinéjamos tvarumo dimensijos ir jg atskleidzianciy aspekty. Maisto siste-
mos faktinj tvaruma tikslinga vertinti per ekonoming ir socialing tvarumo dimen-
sijas atspindinciy kriterijy augimo tendencijas ir aplinkos dimensijg atspindinciy
rodikliy mazéjimo tendencijas. Mokslinés literatiiros analizé parodé, kad konkre-
¢iy maisto sistemos tvarumga veikianciy kriterijy poveikio kryptis priklauso nuo
maisto sistemoje dalyvaujanciyjy subjekty elgsenos ir struktiiriniy salygy poky-
¢iy, todél disertaciniame darbe sukurta ir taikoma misrioji metodika, jungianti
apklausas, statisting analizg, ekspertinius vertinimus ir daugiakriterius metodus.
Tokia prieiga leidzia sistemiSkai iSnagrinéti tvariyjy maisto sistemy plétros prob-
lematikg ekonominiu, socialiniu, aplinkosauginiu aspektais ir jvairiais valdymo
lygmenimis.

4. Lietuvos atvejo pavyzdziu kompleksiskai jvertintas maisto sistemos tvaru-
mas. Tvariosios maisto sistemos plétra Lietuvoje, vertinant tiekimo grandiniy a-
dekvatuma, socialinj lygiateisiSkumg ir neutraluma aplinkai, yra daugiau pakan-
kama nei nepakankama. Nustatyta, kad Lietuvos maisto sistema, siekiant jos
tvarumo, susiduria su i$stkiais, uztikrinant socialinj lygiateisiSkuma (karty kaitos
poziiiriu) ir neutraluma aplinkai.



Rekomendacijos

1. Vertinant tiekimo grandinés gyvybinguma, pastebéta, kad Zemes tkio sek-
toriuje veikia ir kity produkty gamyboje specializuoti subjektai. Be to, ir
nagrinétuose subsektoriuose gali biiti stebimas tam tikras heterogeniSkumas.
Taigi, rekomenduojama toliau testi tyrimus, nagrinéjant didesnj tkio subjekty
grupiy skaiéiy. Vertinant grandinés gyvybinguma, taip pat rekomenduojama
padidinti dalyvaujanciyjy eksperty skaiciy ir jvairove.

2. Vertinant karty kaitos problematika BZUP jgyvendinimo kontekste,
daugiausia démesio buvo skiriama jaunyjy tikininky grupei. Tai gali apriboti kity
amziaus grupiy problemy identifikavimg, todél | tolesnius tyrimus
rekomenduojama jtraukti daugiau skirtingo amziaus tikininky grupiy ir padidinti
tyrimo imtj.

3. Sis tyrimas naudingas paramos politikos analizei, nes leidZia identifikuoti
aktualiausius i8Siikius, trukdancius uztikrinti maisto sistemos tvaruma.
Sukonstruotas rodikliy sistemas ir parengta kiekybiniy metody taikymu paremta
metodika rekomenduojama adaptuoti skirtingiems kriziniy situacijy scenarijams
ir konkretiems sektoriams bei subsektoriams, pateikiant iSsamy jy vertinima.
Remiantis tyrimy rezultatais, rekomenduojama atlikti i§ vieSyjy fondy skiriamy
kompensacijy dydziy korekcijas. Tyrimo metu sukurta ir pritaikyta metodika
rekomenduojama taikyti skirtinguose maisto sistemos valdymo lygmenyse: tiek
ES Saliy nariy nacionalinéms vyriausybéms, tick Europos Komisijai, konstruojant
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ES bendrosios zemés tkio politikos jgyvendinimo paramos schemas bei
priemones ir jy intervencing logika pagal kiekvienos ES narés specifing maisto
sistemos tvarumo biikle, siekiant ilgalaikiy kiekvienos ES narés ir kartu visos ES
tvariosios raidos tiksly.
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ARTICLE INFO ABSTRACT

Keywords: ‘The present study examines the influence of young farmers’ support system including both direct payments for
Young farmers young farmers and rural development measures initiatives under the Common Agricultural Policy (CAP) on the
Rural areas

sustainability of rural regions. The intentions and decisions taken by young farmers in Lithuania are analysed
within the rural sustainability concept. The empirical analysis relies on the questionnaire survey. In order to
disentangle the possible effects of the CAP support on the farming sustainability (as it is perceived by the young
farmers), we consider payments for farm establishment and expansion along with support for advisory services.
The results show that young farmers’ support system under the CAP has the strongest perceived effect on income
support in Lithuania without significant differences across different groups of farmers. The effect on investments
is significantly lower for crop farms if opposed to the other farming types. Still, the results also indicate that
environmental awareness of Lithuanian farmers is rather low as the demand for such advisory services appeared
to be relatively low. The relatively high demand for advisory services on the business plan preparation suggests
low levels of business administration and marketing skills among the young farmers, which indicates the need
for development of the social dimension.

Common agricultural policy
Support measures
Sustainability

Lithuania

1. Introduction

The European Union (EU) agriculture has seen several rounds of
reforms due to the changes in the global market and the resulting im-
plications for food security. Besides the food security issues, the EU
policies also impact the viability of the rural areas. Thus, it is important
to disentangle the linkages among multiple dimensions of policy mea-
sures, farmers’ decisions and their effects on the economy, society and
the environment. The viability of any community depends on the de-
mographics: in a society, the rates of births and deaths are considered,
whereas, for business, the numbers of entries and exits of firms matter.
In the case of the EU agriculture, these two spheres intertwist as the
entry of young farmers is encouraged by means of the public support
and farmers comprise entities that enter the market and possibly con-
tribute to the viability of the rural areas. Therefore, it is important to
identify the major factors determining the effectiveness of the public
support measures taken in this regard.

Farmers involved with the production of food — a key commodity —
are being caught in an unequal duel: they must confront the increasing
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demand for food while having constant and limited resources (Fischer
et al., 2012). Such a situation leads to the intensification of agriculture,
which, in turn, may trigger negative environmental impacts. More de-
veloped regions try to address this issue by encouraging the search for
new forms of agricultural modernization which may reduce the adverse

effects of i farming while maintai or agricultural
production and not diminishing the sur i ce i systems
(Serban et al., 2017; Trukhachev et al., 2018; Song et al., 2019;
Mariyono et al., 2018; Lu, 2019). To provide financial subsistence for

more sustainable and productive agriculture, the European Union in-
troduced a Common Agricultural Policy with various financial me-

i under its Although i as a classical price
support measure, the CAP drifted away from intervening into supply-
demand mechanism in favor of higher price, to the financial measure
for ensuring financial stability of farmers — direct payments. Apart from
this main objective, it includes other important goals, one of them of
which is — to assure sustainability of EU Member States’ rural regions
(here, we resort to the definition by Eurostat which refers to areas
outside of urban clusters, having fewer than 300 inhabitants per km?)
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by maintaining economic viability, the preservation of culture and
upholding a steady replacement level of labor force, employed in
agriculture. To address the issue, the payment for young farmers (PYF)
scheme under the CAP was introduced in 2014. The scheme provides
financlal support to persons under the age of fony, wnllmg to start an

ltural business. the ps ly d CAP mea-
sure - support for the setting up of young farmers — was also

Land Use Policy 94 (2020) 104542

the sample consisting of Lithuanian farmers only. The results obtained
may be applied to the new EU Member States sharing the similar de-
velopmental paths. However, the results should be extrapolated with
caution to the old EU Member States.

The paper proceeds as follows. The literature review on the concept
of young farmers within the CAP is presented in Section 2. Section 3

in 2014-2020. Other non-direct support measures for young farmers as
consultancy, the additional funding intensity of rural development
programs (RDP) support measures for young farmers also served the
purpose of generational change. There have been studies on different
aspects of the performance of the young famers in the EU (Koutsou
et al,, 2014; Hamilton et al., 2015; Milone, Ventura, 2019; McKillop
etal., 2018). However, there is still a lack of studies on the interactions
between the CAP and young farmers in the new EU Member States.

The effects of the CAP payments have been considered in different
studies (Mary, 2013; Minviel, Sipildinen, 2018). Although some studies
argue that direct payments, including the PYF scheme. exert strong
negative impact on various rural inabili
its economic and environmental ones (Ciliberti and Frascarelli, 2015),
the p iling stream of lif (Smedzik-Ambrozy, 2013; Cortignani
et al., 2017) identifies positive impacts of direct payments on rural
sustainability. Note we consider the effects of the farming activities on
the surrounding natural and social environment thus referring to the
ruml sustmnabllny in this study. This discrepancy in the scientific

i us to gate the impact of the PYF scheme
and other support measures for young farmers under the RDP on rural
sustainability in one of the New EU Member States - Lithuania. The new
approaches to farming are also necessary in Lithuania due to increasing
soil degradation, among other undesirable phenomena. As young
farmers associate their future income with farming activities, they are
more prone to save the quality of soil for future generations (Murendo
et al., 2016; Papadopoulos, 2017; Sekhoto, 2017) compared to older
farmers, whose farming horizon does not span more than 5-10 years.
This, together with higher risk tol and i
puts young farmers at the forefront of shaping the agricultural sector, at
least on a theoretical basis. As the entry to farming activities has some
entry barriers (the land in the new EU Member States has been already
allocated to existing farming entities, the know-how, marketing and
trade in agricultural products as well as starting financial capital are
necessary), the PYF scheme under the Common Agricultural Policy was
mtroduced in order to facilitate the entrance of young people into

ities and to maintain a healthy ional change in
agriculture. One of the measures, covered by young farmers’ support is
the reimbursement for the advisory services provided to young farmers.
As only specific advisory services, defined by European Commission,
can be provided under this scheme, we try to ascertain if these advisory
services meet young farmers’ needs.

The objective of this paper is to ascertain if the common young
farmers support system in Lithuania motivates young people to parti-
cipate in agricultural activities, and how clearly the advisory services,
provided under this support mechanism, correspond to the young
farmers’ needs. Such analysis allows us to propose more effective public
support measures for the young farmers and reshape the agricultural
policy. The case of Lithuania provides an example of the new EU
Member State in agricultural transition. In addition, young farmers
show lower performance if compared to the other age groups, e. 8 in
terms of output per hectare of utilised area (Li

| change in the EU agriculture and EU support for
young farmers. The design of the questionnaire survey is discussed in
Section 4. Section 5 shows the results obtained.

2. The concept of young farmers and their role in assuring rural
sustainability

The concept of young farmers is quite widely reflected in literature
(Koutsou et al., 2014; Kan et al., 2019), especially in a context of EU
Common Agricultural Policy (Schimmenti et al., 2014; Bournaris et al.,
2016; May et al., 2019), as well as analyzing demographical compo-
nents of rural sustainability (Coldwell, 2007; Sponte, 2014). It is ac-
cepted, that young farmers are among the most vulnerable target
groups within the agri business, and additional support mea-
sures, aimed at enhancing their capabilities, are required (Emmerling
and Pude, 2017). The necessity of various young farmers’ support
programs across the EU, starting from facilitating banking investment
decisions, leading to ensuring start-ups in agribusiness was mentioned
by Ande,rx\un et al. (2017) Young farmer support serves not only as a

for the i level of farmers (Micu,
2018) but also as a tool to stop emigration from new EU Member States
rural regions (Kahanec and Zimmermann, 2016). Rovny (2016)
showing the lowering trend of young farmers within the EU sub-
i the ity of additional support for young
farmers under the CAP umbrella. This negative trend is even considered
to be a threat to the whole EU agribusiness, questioning the EU’s ability
to fully satisfy its demand for food (Kontogeorgos et al., 2014). The
increasing financial support for young farmers, aimed at facilitating
their setting up in rural regions is also justified by Burny and Terrones
Gavira (2016). Maintaining the levels of the rural population as a tool
for lowering pressure on overcrowded metropolitan areas is a focus of
Zhao (1999) and Iammarino et al. (2017).
The young farmers are considered to be the main driving force in
i farming (Europ Ci 2017). In a context of
sustainability, the young farmers’ activities are also analyzed from the
point of view of environmental awareness. Hamilton et al. (2015)
found, that young farmers can be described not only as having high
entrepreneurial spirit, but also as much more environmentally con-
cerned than their older counterparts. It supplements the findings of
Defrancesco et al. (2008) and Urdiales et al. (2016) about younger
farmers’ greater environmental protection concern, but partially con-
tradict Riley (2016) who argued that good farming practices can be
followed without reference to age.

The very low percentage of young farmers within the EU and the
reasons leading to this situation is also a scientific concern (Carbone
and Subioli, 2011; Loire, 2017). Simpachova Pechrovi et al. (2018)
analyzed motivation and barriers for young farmers to enter agri-
cultural business and found that the main obstacles to starting agri-
cultural activities are related to difficulties in acquiring land, ma-
chinery or other producuon related factors (Matlhews, 2013). Other
factors, such as i in strategic pl keting or lack of

Institute of Agrarian Economics, 2018). The research, thus, contributes
towards di on the p ives of the in the new EU
Member States under the effects of the CAP. The paper contributes to
the scientific discussion about the effectiveness of CAP measures
(Hodge et al., 2015; Leventon et al., 2017; Czyzewski et al., 2019a,
2019b) providing empirical insights about young farmers support
system.

‘The limitations of our research stem from the fact that we rely on

k ledge in sales are also mentioned in the literature (Szerletics,
2018; Schreiner et al., 2018; Kountios et al., 2018). One of the ways to
overcome these challenges are various types of consultations provided
to young farmers (! ka, 2016), although is one of
the main obstacles to enjoying all the benefits of CAP support (Serra
and Duncan, 2016).

Defrancesco et al. (2018) documamed lhal young farmers are more
inclined towards rural ially through its
environmental component (Hamilton et al., 2015), compared to their
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older counterparts, but they need additional support in order to be
encouraged to take over farming business from older generation, or to
enter into this sector. Papadopoulou et al. (2019) revealed that al-

though young farmers 1l the social of rural
regions, they are hemg i to il their agri ac-
tivities by an imp ion of EU i

Duric & Njegovan (2015) reviewing existing CAP measures aimed at
supporting young farmers found that although existing measures pay a
lot of attention to assuring the economic stability of established young
farms, more attention from the national and EU bodies should be paid
to enhancing young farmers possibilities of acquiring land and to in-
creasing financing to the health and social sphere in order to motivate
young people to stay in rural areas and engage in agricultural activities.
Laforge et al. (2018), comparing the biggest issues faced by the new

Land Use Policy 94 (2020) 104542

EU budget was allocated to young farmers. Support for the setting up of
young farmers under the second pillar doubled from 3.2 billion EUR
during the period of 2007-2013 to 6. 4 billion EUR in 2014-2020. This
increase is mainly due to the i of additi direct pay

for young farmers under the first pillar. Considering that Member States
co-finance the measure to support the setting up of young farmers
under the 2nd pillar, the total public support amounts to 18.3 billion
EUR.

In Lithuania, the growth of the number of young farmers has been
stimulated by the support provided for setting up of young farmers, the
support priorities under other EU measures and a special support pro-
vided for young farmers under the 1* pillar since 2014 (Table 1).

Comparing the 2007-2013 and 2014-2020 financing periods, sup-
port for setting up of young farmers under the measures of the second

support measures, found that a significant gap exists between probl
faced by young farmers and government actions, as the most intensive

pillar has d the support provi under
the second pillar, public support has increased by 15.2 percent. Under

supportive measures are aimed only at solving second level
Schreiner et al. (2018) also show that government aims at financing
mentoring, advising and practical training of new farmers, although the
main issue remains access to two main production factors: land and
financial capital (Zondag et al., 2015). Djuric et al. (2019) found, that
although there are financial suppon schem&s, aimed du'ect.ly at en-
couraging young people’s moti to in ac-
tivities (LEADER +, Young Farmers and etc.), they are really offset by
other CAP measures, which contribute to increasing land prices, which
in turn act as a main entry barrier to young farmers. In general, young
farmers may face adverse effects of the CAP measures rather than

ones Ad: icz and luk (2016) on an
i ion of young farmers support system,
which, due to fragmented nature of the new EU Member States agri-
cultural sector also act as a financial injection to local rural economy.
Kan et al. (2018), evaluating the results of young farmers’ support
programs, found that it would serve the sustainability of rural regions
more, if the gender equality in agricultural entities were also prior-
itized. Simpachové Pechrovd & Simpach (2018) luded that it is

the Lith Rural Dy Program for period 2007-2018,
4867 young farmers applied for support for setting up, and 3215 young
farmers received this support (based on the data of 2019); see Table 2.

In 2016, 8979 young farmers who have not farmed for more than 5
years declared land for direct payments, in comparison to 8585 young
farmers in 2017, and 9245 young farmers in 2018. In 2016-2018,
young farmers amounted to around 7.3 percent of the total number of
all farmers who declared the land, and the amount of the direct pay-
ments paid to young farmers in 2016 amounted to 8.7 million EUR, in
comparison to 7.9 million EUR paid in 2017 and 9.1 million EUR in
2018.

4. Methodology

A structured questionnaire was employed as the main instrument of
the nnalysls Indeed, qusuonnmre survey is a proper tool for obtaining
oni and perceptions of the farmers. Urdiales et al.

(2016) used this method in order to clarify farmers’ socio-economic
and attitudes. Allahyari et al. (2018) looked into the

very hard to evaluate the impact of PYF, as it is not the sole financial
instrument enjoyed by young farmers. Katchova & Ahearn (2016)
presume, that increasing state support to young farmers would also
benefit the social sustainability of rural regions, as it would facilitate
the overall engagement of farming activities of young farmers, lowering
the percentage of partial occupation.

3. Demographic change and the CAP measures

The total number of farmers across the 28 Member States of the
European Union decreased from 13.8 million to 10.5 million (i.e. by
24.3 percent) during the period of 2007-2016 due to the aging of the
agrarian society and the restructuring processes. The number of young
farmers (under 44 years old) decreased from 3.0 million in 2007 to 2.0
million in 2017. The number of farmers under 35 years old saw the
greatest decline. In fact, over the decade, their number has fallen by
37.7 percent (Eurostat, 2018).

The age structure of farm managers reflects the extent of the aging
problem in the agrarian society as more than 50 percent of farm
managers in the EU are 55 years old and older. In Lithuania, during the
period of 2007-2016, the number of farmers fell by 34.7 percent, i.e. by
10.4 percent more than the average of 28 EU Member States. In
Lithuania, the decline of the number of farmers was not observed in all
age groups. While the number of farmers aged 35-44 and farmers aged
65 and older decreased the most (respectively, 51.7 and 48.6 percent),
the number of farmers under 35 increased by 9.5 per cent. While as-
sessing the changes in the age structure of farm managers, positive
developments can be observed in Lithuania - the share of farmers under
35 in the total number of farmers has been growing and is above the EU
average by 2.2 per cent (Fig. 1).

During the period of 2007-2020, a total of 9.6 billion EUR from the

results of land consolidation process by using the quantitative analysis
of results, ob: d by survey This was used by P.:usriun und
Theuvsen (2017) in g factors i i of p
farming also among young farmels Barbero-Sierra cl al. (2016) eval-
uated farmers’ knowledge and way of management of soils using
questionnaire based results.

Diversification of activities and markets, as integral part of the
sustainability concept was discussed by Navarrete et al. (2015). A
natural takeover of assets by a younger generation in a rural area has
been highlighted as a positive way to keep the acuve communmes in
rural areas, thus h its social
(Scharlach et al., 2011). It motivates us to include questions about the
ways young farmers acquired land. The way the aging population is
affecting sustainability was discussed by Farugee and Miihleisen (2003)
documenting its impact on the fiscal sustainability of the state. These
findings were confirmed by Yoshino et al. (2019). The challenges, the
aging society :s iding and a for organic repl: in
order to mail i was by Doppelt
(2017), substantiating the group of questions, related to revealing the
barriers for young farmers to expand their land assets. The role of CAP
and financial mechanisms under its umbrella of inducing positive social
and demographical transformations in rural regions was documented
by Shucksmith (2010). The influence of dlrecr payments on the re-

capacity of b farmers was di d by Kropp and
Katchova (2011) revealing the objective necessity for their support and
providing a rationale for related to g the true nature
of the required supports, as Julien (2018) documented, that direct fi-
nancial support is not always a best way to maintain sustainability of
economic activities. The shortage of farming successors in European
countries, distinguished by small scale or family farming has been
documented by Zagata and Sutherland (2015), stressing the fact, that
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Fig. 1. Farm managers by age in Lithuania and
on average in 28 EU Member States, %.
Source: EUROSTAT, 2018. Farm indicators by
agricultural area, type of farm, standard
output, sex and age of the manager and NUTS
2 regions [ef m_farmang]. Access through in-
ternet:  http://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset = ef_m_farmang&

lang = en.
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Table 1
Overview of the EU support measures directly supporting or giving priority to young farmers in Lithuania.
Preparation  Set up Operation
2007-2013  Second pillar  Vocational training and information actions (111)
one of the areas of young farmers’ training is the development of their competencies
Setting up of Young farmers (112)
Modernization of agricultural holdings (121)
for young farmers, the aid intensity is increased by 10 %. points
2014-2020  First pillar Payments for young farmers (+ 30% of average direct payments rate)
Second pillar  Knowledge transfer and information actions (01)
for young farmers, separate training courses are organized according to compulsory training programs
Advisory services, farm management and farm relief services (02)
young farmers are included in the list of potential recipients of advisory services
Support for investment in agricultural holdings (04.1)
for young farmers, the aid intensity is increased by 20 %.
Support for setting up of young farmers (06.1)
Support for i in of non activities (06.2 ir 06.4)
priority to young farmers is given
Note: boldfaced cells indicate measures in which participants are limited to young farmers; numbers in ith to the of measures in the

Rural Development Programme for Lithuania.

Table 2

Support for setting up of young farmers in Lithuania 2007-2018.

Source: National Paying Agency under the Ministry of Agriculture of the
Republic of Lithuania. Access through internet: https://www.nma.lt/in-
dex.php/parama/lietuvos-kaimo-pletros-20072013-m-programa/statistika/

8801 #res, https://www.nma.lt/index.php/parama/lietuvos-kaimo-pletros-
20142020- istik ;

Year Number of  Requested Number of  Approved

applicants amount of recipients amount of
support, Eur support, Eur

2007 729 27639011 639 24320874

2008 518 20141067 474 18460356

2009 385 14858760 362 14022687

2010 726 28209468 676 26482547

2011 0 o 0 o

2012 100 3860059 85 3284304

2013 0 o 0 o

2014 0 o 0 o

2015 1822 96370482 538 29433928

2016 266 9561315 177 6380289

2017 321 11613387 264 9584213

2018 0 o 0 o

Total 4867 212253549 3215 131969198

2007-2013 2458 94708365 2236 86570768

2014-2020 2409 117545184 979 45398430

farms operated by young farmers are more prone to accepting in-
novations, and usually display better financial results and employ more
modern hni thus ing the ity to
support these farming entities in order to increase rural sustainability.
The research of importance of EU CAP targeted payments on employ-
ment in rural regions showed, that some EU Member States (particu-
larly Slovakia, Ireland, Baltic States and Hungary) are highly dependent
on EU financial support to keep their rural regions viable (Helming and
Tabeau, 2018), thus support more specific and more clearly responding
to the farmers’ needs would increase the sustainability of rural regions
in icular EU ies. It 1 the to reveal the
farming processes, which require the greatest available support. The
depopulation trend has been identified as one of the main threats to
rural sustainability (Garcfa-Llorente et al., 2016), thus stressing the
imp of i indicating the current place of residence of
young farmers. It is obvious, that residing in rural areas and main-
taining economic activity there may induce the sustainability of rural
regions on much higher level, than only owning assets there.

In the survey, we define a young farmer as a person engaged in
farming activities who is less than 40 years old (as it is defined in a
requirements for support under the Lithuanian Rural Development
Programme for 2014-2020. According to data from the Agricultural
Information and Rural Business Centre, there were 17130 young
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Table 3
Design of the questionnaire for young farmers in Lithuania.

Land Use Policy 94 (2020) 104542

Question groups Questions and dimensions of sustainability

Contextual variables

Economic Social Environmental

Benefits of the PYF scheme Finding new markets Income level support Place of residence
Diversification of farming activities  Create new work places Education level
Decision to continue farming Setting up in rural area Type of farming
Investing Farm size

Demand for support across Expansion of crop production Adoption of the quality Adaptation to the climate change Participation in the PYF

different activities Expansion of livestock production  assurance systems scheme

Expansion of activities alternative Use of the advisory service
to agriculture
Processing of the production

Demand advisory services Management of machinery of
Improving production quality requirements
Improvement of sales Organic farming
Embarking on non-agricultural ‘Waste management
activities Adaptation to the climate change
Preparation of business plan Exploiting the bioeconomy

farmers in Lithuania as of 2019. The turnout of our survey is 478 with for diversi ion of ic activity), ining the

473 questionnaires accepted after the screening.

The questionnaire for the young farmers comprised the three main
groups of questions: (i) benefits of the PYF scheme, (ii) demand for
support related to different activities and (iii) demand for advisory
services. The specific questions within each question group were chosen
so as to cover as many dimensions of sustainability as possible
(Table 3). Note that some questions are related to multiple dimensions
of sustainability (e.g. diversification of farming activities may impact
both ic and i il Besides, the
variables were considered in order to identify the possible differences in
farmers’ behavior.

As regards the living place, 80 percent of the young farmers who
participated in the survey live in the countryside. A majority of parti-
cipating farmers (59 percent) hold a university degree. As regards farm
specialization, 52 percent of respondents are specializing in crop pro-
duction, 13 percent specialize in livestock farming and 35 % are en-
gaged in mixed farming. The average farm size is 76.5 ha.

The survey involves both qualitative and quantitative data. The
statistical analysis relies on the t-test and Kruskal-Wallis test for com-
parison of averages for two and multiple groups, respectively. The chi-
square test is applied for testing the linkages between qualitative
variables based on p i btained by ci bul These tests

are described by, e.g., Anderson et al. (2016).

5. Results and discussion

In this section, we discuss the findings of the questionnaire survey.
The section is organized in the spirit of the question groups outlined in
Table 3. Thus, the effects of the PYF scheme are discussed in the first
sub-section and the demand for support and advisory services related to
different aspects of farming are discussed in further sub-sections.

5.1. Benefits of the PYF scheme

Analysis of the perceived benefits of the PYF scheme in Lithuania
suggests this scheme mostly contributes to the income level support,
i and i ion farming activities. The
lowest perceived effect is that for finding the new markets. The last row
of Table 4 presents the average scores on the five-point Likert scale.
The assessment of the benefits of PYF scheme in regards to farm size
showed that six out of the seven support actions are more beneficial to
small farms i.e. direct payments received by young farmers contribute
more to ensuring income levels of small farms, compared to large ones
(creating additional sources of income), help in finding new markets for
i of additi farming types ing more

decisions to continue farming and to stay in the countryside, encoura-
ging of the development of farming entities (Table 5). This finding
contributes to Severini et al. (2016) conclusions about the importance
of direct p. for small units for their in-
come. The survey showed that young farmers surveyed consider that
direct payments to young farmers are not important for creating new
jobs especially in small farms (Table 4). These results can be explained
by the effects of the economies of scale when further expansion of farms
becomes economically unreasonable. Due to lack of income, additional
financial revenues are vital for smaller farms. The results of the study
show that smaller farms are not able to ensure the development of the
farm at their own expense or to support the generation change.

In assessing the perceived benefits of this support scheme regarding
the demographic characteristics of young farmers (place of residence
and education level) and the type of farming it was found that this
support scheme is equally beneficial to both those young farmers who
live in countryside and those living in urban communities. For re-

d with higher ion, direct p are less i for
finding new markets for their production and for setting up in rural
areas than for those with lower education, stressing the i of
higher education for viable and sustainable farming (Table 4). These
results confirm findings by Xaba and Masuku (2013) and complement
them by showing that financial support cannot overweigh the im-
portance of education for sustainability of rural regions.

Table 4 suggests that decision to settle down in rural areas due to
PYF is particularly relevant for the mixed farms if compared to young
farmers of other lizati The PYF also signi affects de-
cision to increase investments in livestock and mixed farms. Such re-
sults show that the PYF scheme helps to ensure the diversification of
farming to a certain extent. These findings complement Enjolras et al.
(2012) and Cortignani et al. (2017) who reported that CAP direct
P impact ltural diversil i

O ities for I change in are also cre-
ated by investment support for young farmers to set up and develop
their farms. Young farmers with higher education and more agricultural
land are more likely to apply for investment support for setting up and
developing farming entities. This shows the importance of education in
making decisions to start and to continue farming falling in line with
Maciel et al. (2018); Mishra et al. (2018) and Mwambi et al. (2016)

Tusi; about the i of ed: in ensuring farming
viability. The survey revealed that young farmers engaged in livestock
farming are more likely to apply for support for setting up. Such results
are ined by the li (holding a degree in agri-
culture or having courses in subjects provided by
licensed institutions; the priority was being given to livestock farming
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Table 4
Differences in the perceived effects of PYF across groups of respondents.
Levels of variables Income level Finding new Diversification of farming ~ Decision to continue  Setting up in rural  Investing  Create new work
support markets activities farming area places
Residing in rural area
Yes 432 294 333 381 350 393 an
No 4.28 281 327 3.81 335 381 3.09
Significance p=07799 p =0.3556 p=07133 P =0.9946 p =0.3059 p=03964 p=09314
Higher education
Yes 426 279 323 372 335 3.86 31
No 4.39 3.09 3.44 394 3.65 397 310
Significance p=0.2103 P =001 p = 0.08065 p=0.0538 p=0.018 p=0.3707 p=09835
Farming types
Crop 424 278 313 373 3.39 377 3.02
Livestock 415 275 338 375 3.46 4.07 315
Mixed 4.48 317 358 3.95 361 4.06 321
Significance p=04318 p=01161 p= 06166 p = 04822 p = 0.007 p=0004 p=02116
Total sample
Average 431 291 332 381 3.47 391 3

Note: the five-point Likert scale is used where 1 indicates rejection and 5 indicates acceptance; t-test is applied for residing in rural area and higher education,

whereas Kruskal-Wallis test is applied for farming types.

Table 5
Correlation between UAA (in ha) and the perceived effects of PYF and responses
to questions regarding PYF scheme.

Variable Correlation  pvalue Average  SD

Income level support 0000 431 0.053
Finding new markets 0007 291 0.058
Diversification of farming activities 0001 332 0.061
Decision to continue farming 0.000 381 0.059
Setting up in rural area 0.044 347 0.064
Investing 0.029 3.91 0.059
Create new work places 0881 311 0.063

Note: higher values of the variables indicate higher degree of contribution to-
wards effects listed in the table rows; boldfaced cells indicate correlation
coefficients significant different from zero (p < 0.05).

supported by paymenls The shares of rspondcms demanding for ex-
pansion of acti to d to the climate
change, or adoption of the quality assurance systems were much lower
(7 percent, 11 percent or 2 percent, respectively).

Table 7 presents the differences across the two groups of young
farmers: those requiring a certain support measures and those not. As
regards the expansion of crop and livestock production, the significant
differences are observed across farming types (e.g. crop farms are de-

ding for of crop prod ). These results indicate that
farm specialization is likely to persist in case no additional measures are
taken. Farm size was significantly different across crop farms willing for
support related to expansion of crop production and those not (larger
farms are d ding for support ion of li k

duction is significantl iated with the living place (i.e. young
farmers residing in rural areas are more prone to participate in such
support if d to those not residing in rural areas). This

activities) of the research related to the for p
support for the setting up of young farmers in Lithuania (Table 6).

5.2. Demand for support across different activities

The young farmers reported that support for expansion of crop and
livestock production (76 percem and 35 percenl of the respondents
respectively) along with p of p ing on farm
(33 percent of the rspondents) are the most |mportam acuvma to be

can be explained by labor- mtenswe mode of livsmck fanmng For both
support igher a different
factor across the two groups. In the case cf crop farming, young farmers
holding higher educanon degrees are more eager to participate in

ion of crop p ion, whereas the oppo-
site pattern prevails for the case of measures for expansion of livestock
production.

of the production is for 64.4 percent of the
crop farms and 72.1 percent of the livestock farms. The chi-square test

Table 6
Participants and non-participants in measures for setting up and expansion of young farmer farms.
Variable Participants Non-participants Significance
Setting up
Mean UAA (ha) 1018 57.0 p < 0.0001
Share of farmers residing in rural areas (%) 791 80.5 p = 07084
Share of farmers holding higher education degree (%) 67.0 53.6 p = 0.0029
Distribution of farm types (%) Crop - 37.2 Crop - 62.8 p = 0.0014
Livestock - 62.3 Livestock - 37.7
Mixed - 46.1 Mixed - 53.9
Expansion
Mean UAA (ha) 110.6 57.3
Share of farmers residing in rural areas (%) 77.8 81.1
Share of farmers holding higher education degree (%) 69.0 54.0
Distribution of farm types (%) Crop - 54.4 Crop - 51.0
Livestock - 12.3 Livestock - 13.2
Mixed - 33.3 Mixed - 35.8
Note: cells indicate si; between groups of participating and non-participating farmers (p < 0.05); t-test is applied for the mean UAA

share of farmers residing in rural areas and share of farmers holding higher education degree; chi-square test is applied for farm types; distribution by farm type
indicates the share of farms of particular farming type falling within participant or non-participant group.
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Table 7
Description of farmers requiring and not requiring support for expansion of production.
Variable Support required Support not required Significance
Expansion of crop production
Mean UAA (ha) 83.2 55.7 p = 0.0002
Share of farmers residing in rural areas (%) 79.1 80.2 p=08119
Share of farmers holding higher education degree (%) 61.5 53.0 p = 0.1168
Distribution of farm types (%) Crop - 93.1 Crop - 6.9 p < 0.0001
Livestock - 32.8 Livestock - 67.2
Mixed - 65.5 Mixed - 34.5
Expansion of livestock production
Mean UAA (ha) 80.9 68.4
Share of farmers residing in rural areas (%) 86.0 76.7
Share of farmers holding higher education degree (%) 49.4 64.7 p = 0.001437
Distribution of farm types (%) Crop - 2.8 Crop - 97.2 p < 0.0001
Livestock ~ 90.2 Livestock - 9.8
Mixed - 61.8 Mixed - 38.2
Processing of the production
Mean UAA (ha) 734 78.1
Share of farmers residing in rural areas (%) 755 82.1
Share of farmers holding higher education degree (%) 60.0 59.1
Distribution of farm types (%) Crop - 64.4 Crop - 35.6
Livestock - 72.1 Livestock - 28,9
Mixed - 69.7 Mixed - 30.3

Note: cells indicate si;

between groups of participating and non-participating farmers (p < 0.05); t-test is applied for the mean UAA,

share of farmers residing in rural areas and share of farmers holding higher education degree; chi-square test is applied for farm types; distribution by farm type
indicates the share of farms of particular farming type falling within requiring or non-requiring group.

(Table 7) confirmed these diff are si Thus, further re-
search is needed to ascertain whal the main obstacles and possibilities
are for il on the crop farms in Li-
thuania.

5.3. Demand for advisory services

The results indicate that 74 percent of the surveyed young farmers
are (or have used) the advisory services. Furthermore, the average farm
size is significantly higher for farms using the advisory service (p <
0.01) which indicates the need for promotion of advisory services
among smaller farms in Lithuania. Farmers residing in rural areas are
also more eager to use advisory services. However, the latter finding is
only acceptable at the 10 percent level of significance (p = 0.07). We
further check the profiles of the farmers requiring different types of
advisory services.

Despite the fact that environmental challenges are of great im-
portance to modern farming (Lorenz and Lal, 2016; Clarck & Tilman,
2017; Boone et al., 2019), the surveyed young farmers stated that the
most important advisory services for them are related to the prepara-
tion and implementation of a business plan (29 % of the respondents)
and to increase the quality of agricultural producnon (21 % of the re-
spondents). However, the impl of re-
quirements and organic farming was important lo 9% and 7% of the
respondents, respectively (Table 8).

The least demanded advisory services by the young farmers in
Lithuania include machinery operation, the use of waste generated on
the farm, the adaptation to climale change, beneﬁls of explomng the
bi , and opp for Itural ac-
tivities and imp of sales are imp for some 8% of the
respondents. Table 9 presents the profiles of the farmers requiring the
most popular advisory services (i.e. improving production quality and
preparation of the business plan). As one can note, there are no sig-
nificant differences in regards to improvement of production quality.
Thus, the latter type of advisory services is equally important for all
young farmers despite of their farm size, place of residence, education
or farming type. As for the preparation of the business plan, it is sig-
nificantly more important for small farms (p < 0.01).

Although all the policy measures, especially ones related to agri-
culture, implemented by the EU since 2013 have been directed to

Table 8

The shares of young farmers requiring particular advisory services.
Advisory service Share of respondents
Innovations
Improving production quality 0.21
Management of machinery 0.02
Environmental protection

of 0.09

Organic farming 0.07
Waste management 0.02
Adaptation to the climate change 0.02
Exploiting the bioeconomy 0.01
Business and marketing
Preparation of business plan 0.29
Embarking on non-agricultural activities 0.08
Improvement of sales 0.08
Development of cooperation 0.03

adaptation to climate change (European Environmental Agency, 2019),
our research showed that young farmers who are considered to be
more edi d, prone to i P 1 and more en-
vironmentally aware (Hamilton et al., 701 5) - tend to show passiveness
and low interest in receiving advisory services and investment support
for adaptation to climate change. This contradiction to existing litera-
ture (Koutsou et al., 2014; Kontogeorgos et al., 2014; Urdiales et al.,
2016) shows the need to introduce policy the atti-
tudes of farmers towards the of negative of
climate change. In addition, the awareness of young farmers needs to be
improved as they should be among the most acnve stakeholders ap-
plying i | principles th ion of the EU
CAP measures (Mills et al., 2017; Damianos et al., 2018).

6. Conclusions

This study is aimed at identifying the key patterns underlying de-
cisions and expectations of participants of the young farmers’ support
measures in Lithuania. The results indicated that significantly larger
farms (if mean utilised land area for the pam’-
cipating farms against that for i ing ones) icipated in
the setting up (102 ha against 57 ha) and expansion schemes (111 ha
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Table 9
Description of farmers requiring and not requiring advisory services in regards to production sustainability.
Variable Advisory service required Advisory service not required Significance
Improving production quality
Mean UAA (ha) 81.7 752 p = 0.4396
Share of farmers residing in rural areas (%) 77.8 80.5 p = 05639
Share of farmers holding higher education degree (%) 57.6 59.9 p = 0.679
Distribution of farm types (%) Crop - 23.5 Crop - 765 p=02708
Livestock - 14.8 Livestock - 85.2
Mixed - 19.4 Mixed - 80.6
Preparation of business plan
Mean UAA (ha) 60.9 828 p = 0.002525
Share of farmers residing in rural areas (%) 80.1 795 p=0737
Share of farmers holding higher education degree (%) 58.8 59.6 p = 0.8701
Distribution of farm types (%) Crop - 25.1 Crop - 749 P =0.1502
Livestock - 29.5 Livestock - 70.5
Mixed - 33.9 Mixed - 66.1

Note: cells indicate

between groups of participating and non-participating farmers (p < 0.05); t-test is applied for the mean UAA,

share of farmers residing in rural areas and share of farmers holding higher education degree; chi-square test is applied for farm types; distribution by farm type
indicates the share of farms of particular farming type falling within requiring or non-requiring group.

against 57 ha). In both cases, farmers with higher

to be more prone for participation: for the semng up measure, the share
of with higher ing in the measure was
67 %, i.e., significantly higher than 54 % for i for the

1 jian young farmers requiring advisory services in this regard

turned out to be just 8%. A gly, support for ion should

be intensified in order to ensure sustainability and resilience of the
i sector in Lithuania.

expansion measure, the corresponding figures were 69 % and 54 %.
Livestock farms were significantly better represented among the parti-
cipants of the setting up scheme (62 % of participants if compared to 38
% of non-participants), whereas no significant differences were found in
the case of the expansion scheme. The results also indicated that the
payment for young farmers scheme has a significantly higher impact on
small farmers. To a certain extent, this form of financial support serves
more as an instrument of social support, which ensures the viability of
rural regions. The focus on the public support measures should be put
on small farms in order to increase the effectiveness of these measures.
The impact of the direct payments for the young farmers in terms of
income support (quality of life) and investments (productivity) was also
documented by May et al. (2019) and Eistrup et al. (2019). The results
clearly indicate the need to create a more inclusive agricultural sector
stakeholders participation platform, as small farmers tend to participate
in various initiatives under the young farmers support system to a lower
extent.

The agricultural advisory services should be adapted to the re-
quirements of different farmer groups (McKillop et al., 2018; Ingram,
Mills, 2019). Thus, the findings of this paper are useful for pi
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The agriculture in Eastern Europe has seen a number of economic and social transitions. This research examines
the gender inequality in agriculture by taking the case of an Eastern European country — Lithuania — as an
example. The questionnaire survey was employed in order to check the existence of gender inequality. The study
focuses on the young farmers as they are more likely to implement innovations and shape the future agricultural
activities. The demand for advisory services and i in the Common Policy measures were
used to compare the activities and perceptions of men and women young farmers. We found that there are no
significant differences in participation of support measures and demand for advisory services across the genders.

This suggests Lithuanian agricultural sector is equally beneficial for men and women young farmers. Given the

in the

effect is anticipated if women were more empowered in

Lithuanian

Women's

could increase envi pro-

pensity to innovate and economic resilience.

1. Introduction

The gender equality is important for ensuring economic develop-

ment (Kleven and Landais, 2017; Silva Rodriguez de San Miguel, 2019;
Matuszewska-Janica, 2018; Gil-Lafuente et al., 2019; Li et al., 2019).
Governments are imposing frameworks for ensuring gender equality in
order to ensure economic growth (Kennedy, 2018), promote social

development (Farré, 2013), improve societal justice (Cornwall and
Rivas, 2015), motivate tackling the global issues (Terry, 2009) and
facilitate peacemaking (O Rourke, 2017). In general, North European
countries are considered to be an example to follow in the sense of the
gender-related issues (Aseskog, 2017).

In this paper, we seek to address the issue of gender equality in
agriculture which involves labor-intensive farming practices and re-
quirements for manpower. We focus on the activities of young farmers as
this allows identifying gender equality patterns among the future gen-
erations of farmers. The European Union has been supporting the agri-
cultural sector through the Common Agricultural Policy (CAP). The CAP
measures also include support for the young farmers. Therefore, we
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ribasauskiene@laellt (E. Ribasauskiene),
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address the gender-public support nexus by considering the CAP mea-
sures and young farmers’ intentions in the context of the gender
equality. Indeed, there has been research showing that adoption of
modern farming practices is more prevalent among women farmers
compared to men farmers (Fisher and Kandiwa, 2014; Worku, 2016).

The paper focuses on Lithuania as a case study. The relatively high
gender equality level (Blomberg et al., 2017) has been reported for this
Eastern European country even though certain limitations of the gender
equality indicators have been identified (Broer et al., 2019; Unterhalter
and North, 2017; Mwiine, 2019). Agriculture can be seen as a sector
with high likelihood of gender inequality (Collins, 2018). The cases of
gender inequality in agriculture have occurred in the EU (FIGE, 2015).
Still, younger generations are more reluctant to accept discrimination
(Sani and Quaranta, 2017). We will verify these findings in the context
of Lithuanian agriculture.

The paper is structured as follows: Section 2 provides insights on the
reasons of gender inequality in economy and documents women
deprivation in e. Section 3 i methods emp in
the research. Section 4 delivers the empirical findings. The results are

as@gmail.com (M. Morkunas), artiom.volkov@laeilt (A. Volkov), eriks

Received 23 May 2020; Received in revised form 11 August 2020; Accepted 25 September 2020

0264-8377/© 2020 Elsevier Ltd. All rights reserved.

Please cite this article as: Tomas Balezentis, Land Use Policy, https://doi.org/10.1016/j.landusepol.2020.105129



https://doi.org/10.1016/j.landusepol.2020.105129

AUTORES PUBLIKACIU RINKINYS

77

T. Balezentis et al.

generalized and embedded within the existing theoretical streams in
Section 5. Finally, conclusions are delivered in Section 6.

2. Literature review
2.1. Gender inequality in the economy

The empowerment of women is closely associated with the economic
development level of a country (Pickbourn and Ndikumana, 2016).
Padavic et al. (2020) explained the of gender lity in
business organizations and argued that men have more power than
women where the family domain is being devalued relative to the work
domain. The i of men's position in
negotiations is documented by Sd\mm et al. (2019), showing tendency
to associate a higher status with men, compared to women, in negotla
tions, thus diminishing their ing position and il to
achieve the same results.

The p: iling th ical stream i wage gap existing be-
tween men and women to the motherhood penalty (Ji et al., 2017).
Fitzsimmons and Callan (2016) comment on mother role as a factor
behind the wage gaps. This arise from the fact that women tend to take
the maternity leave as they approach the middle-level

Land Use Policy xaox (xocx) xex

Although women tend to outnumber men in numbers of university
graduates in modern countries (Davia et al., 2017), the wage gap still
persists as women tend to choose professions that are typically lower
remunerated (Stier and Herzberg-Druker, 2017). Kleven et al. (2019)
decomposed the pay gap with regards to the arrival of children. The
asymmetric supply of labor force is the focal point in explanation of the
wage gap by Sorenson and Dahl (2016). Fernandez-Mateo and Fernan-

dez (2016) also supply shortages in low number of
female executives.
2.2. The role of women in agriculture

The roots of gender di in has been di d

since the 19th century (Llorca-Jana et al., 2019). Anderson et al. (2017)
found that authority in making farming decisions in family farms lay on
a husband and wife is stripped of possibility of any discretion unless
allowed by husband. Young females in rural regions do not seek to
pursue a career in agriculture considering it a men’s domain (Elias et al.,
2018). Women's work in agriculture is being undervalued or even
neglected, compared to men’s (Drucza and Peveri, 2018). This is
particularly characteristic to family farms (Savran al-Haik, 2016). The
socially neglected role of women in agriculture is also documented by

positions and when the human capital required for top level manage-
ment positions is acquired at the fastest rate. This comes in lines with
Agenor (2018) who showed that women are unable to allocate the same
number of working hours as men due to family obligations. The hidden
costs of family commitment were documented by Bloome et al. (2019)
who showed that single women experience quite high earnings almost
comparable to those of men, but this becomes highly compromised for
the partnered women, whose earnings fall much below men's. Although
the link between education levels, fertility rates and gender inequality is
quite often stressed (Malhotra et al., 1995; Karoui and Feki, 2018; Reay,
2018), Brinton et al. (2018) challenged the inverse relationship between
fertility rates and gender equality by embarking on the example of
Japan, where high women's levels are d with

Galie et al. (2013).

In developing countries, gender inequality in agricultural activities
may even lead to malnutrition (Malapit and Quisumbing, 2015). High
gender differences in food insecurity among family farms members was
also observed by Tibesigwa and Visser (2016). These issues can be

by women's ion or land property rights
(Palacios-Lopez et al., 2015), although it is very hard to achieve due to
the traditional men's domination (Meinzen-Dick et al., 2019) as women
are less likely to hold land property rights and their holdings are sub-
stantially lower, compared to men (Lambrecht et al., 2018). Rao (2016)
showed that women, d to men, have signil ly lower access
to all agricultural production factors. This serves as a reason for aban-
domng the farming (Pattnaik et al., 2018). The deprivation of women of

low birth rates and high gender inequality. This was also by
Yoon (2016) for the case of South Korea.
Hakura et al. (2016) stated that governments are partly responsible

factors by power relations,
habitual to agncu]lural activities make female farmers more vulnerable
to consequenca of the climate change (Ylipaa et al., 2019). Conversely,

for gender i i lhrough 1 ion of gend fiscal
policies that men’s and deepens ob

for women to acquire education and production factors. This has also
been stressed by And 4 (2018). The indi to this issue is even
observed in the developed countries (Heise et al, 2019). Gender
inequality in mobility (Adeel et al., 2017) implies that women are less
mobile by all means of transportation (because of personal security,
home responsibilities) and leads to lower income. This can be offset by
remute work pmctlces (Cama et al., 2016; Lorz and Miihleck, 2019). The
it with genders are important in this
context as home office jobs require higher skills in general (Castilla
et al., 2018). Dilli and Westerhuis (2018) found that higher represen-
tation of women in tertiary education posmvely correlates with their

d women show high adaptive capacity to deal with climate
change issues (Jost et al., 2016) and productivity levels about or above
average (de la O Campos et al., 2016).

The positive link between women's empowerment in agriculture and
their dietary quality was confirmed by Sraboni and Quisumbing (2018);
Rao et al. (2019). Emmanuel et al. (2016) document significant differ-
ences between men and women in access to agricultural extension ser-
vices. The low level of women empowerment is considered a
precondition for a slow adoption of conservation agriculture practices
(Farnworth et al., 2016). In this regard, sustainable agricultural devel-
opment may be hindered by gender inequality. Agarwal (2018) argued
that women are more flexible in adopting various forms of cooperation,
such as poohng resources, labor force sharing.

enu'epreneunal activities, thus the | hesis  about gender di exist in for agricultural
of education in assuring p of women. work (Pannilage, 2017) due to institutional and norm-based constraints
\wdsrll (2017) explained lower women's i by (Cr It et al., 2013). Mukhamedova and Wegerich (2018) found

considering the psychological attributes, particularly reluctance to enter
competitions. Perugini and Vladisavljevic (2019) argued that high
gender inequality leads to higher job satisfaction in later stages of life,
through lower expectations to salary and working conditions. Although
high job satisfaction may appear appealing, such women’s reconcilia-
tion with the existing conditions may also prevent them for seeking
better job positions and damper gender equality. Bastian et al. (2019)
identified religion as one of the predominant factors for gender
inequality in economy, especially in Islamic countries. Bosch et al.
(2018) put hasis on early education in families in explaining moti-
vation of women to be fully engaged in work, which, in turn, is being
reflected by significant wage gap (Herzberg-Druker and Stier, 2019).

that the only feasible way for women to get more involved in agriculture
is through replacing men who left farming and only in the presence of
the lack of men labor force. In this case, women still have lower pro-
tection, security and earnings compared to men. The vulnerability of
women’s agricultural income, compared to men’s, is stressed by

dhyay (2018) ing this to the infl: of
social norms and lified by agricultural trade liberalization. The di-
vision of labor attributing low value added agricultural jobs to women
and high value added to men is seen as a main factor in a wage gap,
though unlikely be challenged due to prevailing patriarchy thinking in
rural regions (Manzanera-Ruiz et al., 2016). Gupta et al. (2017) docu-
mented that women tend to increase market orientation of farms, thus
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allowing receiving fairer price for their production. The commerciali-
zation of agriculture is seen as one of possible tools for promoting gender
equality by Aregu et al. (2010).

Women farmers face bigger difficulties in obtaining financial capital
for modernization of their farms (Huyer, 2016). It is even found that the
only feasible way for woman in Deep South to apply for loans in agri-
culture is through the marriage certificate (Lawry et al., 2017). Gender
gap is observed between male and female farmers in access to agricul-
tural knowledge (Zossou et al., 2017) and training (Mudege et al., 2017).
It is also considered to be an obstacle in succesful implementation of
climate-smart agriculture practices (Nelson and Huyer, 2016).

initiatives in mai gender policies are less
effective in agriculture (Acosta et al., 2019). Women continue to expe-
rience information asymmetry in advisory services provided (Kristjan-
son et al., 2017; Kansiime et al., 2019) even though they require it in a
higher extent (Hellin and Fisher, 2018). The general agricultural infor-
mation is harder to obtain for women (Lamontagne-Godwin et al., 2018;
Beaman and Dillon, 2018).

In the Eastern Europe, the agricultural sector is more developed that
it is the case in most of the developing countries. Therefore, we do not
expect such decisive differences between men and women farmers.
However, the earlier literature suggests that there may be certain dif-
ferences in the propensity to innovate and adopt inabl hnol
gies across the genders.

3. Methods

The survey based upon structured questionnaire is the major in-
strument of the analysis. The survey focused on the young farmers who,
in the European Union, are persons up to 40 years old (Furopean
Ce ion, 2016). The i ire for young farmers was designed
in a way which enabled to evaluate the social, business management and
support management characteristics across the genders. Table 1 presents
the major variables that were used for assessing the gender-wise dif-
ferences among Lithuanian young farmers.

The present study aims at identifying the possible gender-wise dif-
ferences in the farming practices and participation of agricultural sup-
port measures. Therefore, statistical tests (t-test and chi-square test) are
applied to contrast the two groups of respondents. This allows testing
whether the observed differences are significant.

The data were collected by izing a survey in the

icultural d of the p across different regions of
Lithuania. The survey resulted in 473 completely filled-up question-
naires which were used for further analysis (Balezentis et al., 2020). The
owners of farms participated in the survey.

4. Results

The survey focuses on the demographic characteristics of the re-
spondents, their participation on the support schemes for the young
farmers and the use of the advisory services. In this study, we take the
gender as the explanatory variable in order to ascertain whether gender-
based di exist in the ioned aspects of the operation of
the young farmers (Table 2).

The share of women farm owners is 19 % in the sample analysed.
This suggests that the women farmers are still much less frequent among
the young farmers in Lithuania. Indeed, a substantial share of women
may be engaged in farming in Lithuania, yet the farm owners are men in
most cases. The area of residence (rural against non-rural) does not
significantly differ across the genders. This indicates that both men and
women young farmers are likely to reside on-farm (80 % of the re-

). This finding cor the suitability of the rural infra-
structure for the women needs in Lithuania.

The share of the young farmers with higher education degree
significantly differs across the genders. Specifically, 76 % of the female
respondents reported holding a higher education degree, whereas the

Land Use Policy xxx (xxxx) xxx

Table 1
Design of the questionnaire.

Questions Answer options

Which support measures do young ~ » Setting up (shows whether women or
farmers participate in? men are more involved in setting up as

young farmers)

« Expansion (shows whether there are
significant differences between the
genders in willingness to expand
agricultural activity as young farmers)

What purpose do young farmers « Income level support (shows whether
direct payments in Lithuania income levels are the same for young
address to the highest extent? farmers of different sexes)

* Finding new markets (shows whether
there are barriers in finding of new
markets depending on gender and the
impact of direct payments for young
farmers)

« Diversification of farming activities
(shows if the direct payments equally
between the sexes serve the purpose of
diversifying of economic activities)

« Decision to continue farming (shows if
direct payments for young farmers equally
important across genders in order to
continue farming)

Setting up in rural area (shows whether

direct payments for young farmers equally

important across genders for settling
young farmers in rural areas)

« Investing (shows whether direct
payments for young farmers equally
important across genders for young
farmers investments in economic
activities in rural area)

« Create new workplaces (shows if direct

payments for young farmers equally

important across genders to create new
jobs for young farmers)

Expansion of crop production

Expansion of livestock production

Processing of the production

Expansion of activities alternative to

agriculture

Adaptation to the climate change

« Adoption of the quality assurance
systems

Shows whether the support sought has the

same effect on farmers’ self-determination

ders, whether there are signif
differences and barriers

What kind of advisory services was  » Improving production quality
the most needed by young « Implementation of agri-environmental
farmers? requirements

« Preparation of business plan

« Embarking on non-agricultural
activities

« Improvement of sales

Shows whether there are significant

differences across genders of young farmers

in applying for advisory services (topics,
increased needs and services received)

What is the impact of direct
payments for young farmers on
farming activities?

corresponding figure for the male respondents is just 56 %. This differ-
ence is significant (p < 0.01). Therefore, one can presume that Lithua-
nian young women farmers are more educated than the men farmers
which may result in better adoption of the modern farming and mar-
keting practices.

Farm characteristics do not differ significantly across the genders.
The average farm size (in terms of the utilized agricultural area) is 70 ha
and 78 ha for the female and male young farmers respectively. Even
though the male young farmers seem to operate larger farms, the t-test
does not show significance difference. As regards the farming type, fe-
male young farmers seem to be engaged in the mixed farmer to a higher
extent (43 % of the total female young farmers) than the male young
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Table 2 Table 4
ic and farm across genders. The perceived effects of the direct payments for the young farmers in Lithuania.
Variable Men Women Total Sig. Variable Men Women Sig.
Gl 385 88 473 Income level support 4.32 4.27
81% 19% 100 % B Finding new markets 29 2.94
R e 308 70 378 Diversification of farming activities 3.32 33
s 80% 80% 80 % Decision to continue farming 38 3.84
214 67 281 - Setting up in rural area 3.48 3.42
Higher education 56% 76 % 59% Investing 3,87 4.08
Utilized agricultural area, ha 78 70 765 Create new workplaces 3.09 319
206 41 247
Crop 54% 7% 520 Note: five-point Likert scale is applied; t-test is applied for comparison.
. v 52 9 61
Farming type Liyesoek 14% 10% 13%
it 127 38 165 Table 5
33%  43% 35% ‘The desirable effects of the support payments for the young farmers in Lithuania.
Note: Gender is compared to the whole sample, whereas the remaining rows are Variable Men  Women Total Sig.
compared to the column totals for Gender; differences are tested by applying chi- propa F
square test (or t-test for the utilized agricultural area); “***" indicates signifi- Expansion of crop production 7% 72% 76%
cance at the level of 1%. : 2 R 138 26 164
Expansion of livestock production 36%  30% 350
farmers do (33 % of the total male young farmers), the chi-square test Processing of the production ;;i : - ;25%
does not indicate a significant difference. . Expansion of activities alternative to 2 10 24
Some 44 % of the respondents stated that they had received support agriculture 6% 1% 7%
for semng up a farm. This suggests that the. majo'nry of young fal.'me.rs iapiatias o T i s 43 9 52
participating in the survey have started farming without participating in 1% 10% 1%
the support programmes. Participation rate is even lower (36 %) in the Adoption of the quality assurance systems g% ;% ;:,

support of the farm The across the
genders are not significant for both the setting up and expansion mea-
sures (Table 3). Therefore, women and men enjoy equal access to the
support measures for the young farmers in Lithuania.

Note: rows are compared to the column totals for Gender in Table 1; differences
are tested by applying chi-square test.

1 domain if pared to the men farmers.

The respondents were asked to rate the garding the
possible effects of the direct support payments for the young farmers.
The Likert scale is used with 1 indicating disagreement and 5 meaning

gl Then, we pare the results gend (Table 4). The
results are not significantly different at the 10 % level. Therefore, both
men and women young farmers attach the same importance to the ef-
fects of the direct payments. The lowest p-value (0.13) is observed for
investment decision. Indeed, the results show that women young
farmers consider the direct payments as a more important factor for
investing in agricultural activities (average score is 4.08) if compared to
the men young farmers (3.87). Even though this difference is not sig-
nificant at an acceptable level of significance, the female young farmers
seem to be more prone to invest in farming activities if support is allo-
cated. This may indicate a lack of seed capital for the female young
farmers in Lithuania.

Besides the perceived effects of the direct payments for the young
farmers, the respondents were also asked about the desirable effects of
the support payments. The results are presented in Table 5. Again, there
are no significance differences between the preferences of men and
women young farmers in Lithuania at a 10 % level. However, the share
of women farmers willing to expand the livestock production is 6 p.p.
less that of the men farmers. The women young farmers are also more
prone to switch to alternative to agriculture activities than men farmers
do (11 % against 6%). Also, female farmers reported lower interest in the
expansion of crop production. All in all, women young farmers seem to

be more i d in ding their beyond the traditional
Table 3
Participation in the support measures for the young farmers across genders.
Variable Men Women Total sig.
" 171 35 206
Sertingup 44% 0% 4%
iaitdon 141 30 1”7
P 37% 34% 36 %

Note: rows are compared to the column totals for Gender in Table 1; differences
are tested by applying chi-square test.

The respondents were asked if they had used the advisory services. In
order to ascertain whether this service has different outreach gender-
wise, we investigate the differences in the use of the advisory services.
The p-value for the chi-square test is 0.13 indicating that the differences
between men and women young farmers are not significant in terms of
the use of the advisory services. However, the p-value is close to the limit
of 10 % which implies that the diffe should still be idered. The
results indicate that 75 % men and 67 % women young farmers have
used advisory services in Lithuania. The lower rate of the use of the
advisory service among the women farmers may be related to their
higher education level. However, the advisory services need to be
tailored to correspond to the needs of the young women farmers in
Lithuania.

The demand for the advisory services corresponds to the preferences
of the respondents. Thus, they were asked to identify the key topics
which require assistance by the advisory service. The results are pro-
vided in Table 6 (only the five most popular choices are provided in the
table).

There are no significant differences between men and women
farmers. The lowest p-values are observed for the implementation of the
environmental requirements (the share of women requiring such service
is higher by 5 p.p.) and preparation of the business plan (the share of
women requiring such service is lower by 6 p.p.). These results ca be
related to the higher education attainment level by the women young
farmers.

Table 6

The share of respondents demanding certain advisory services.
Advisory service Total Men Women Sig.
Improving production quality 021 021 023
Implementation of agri-environmental 009 008 013

requirements

Preparation of business plan 029 030 024
Embarking on non-agricultural activities 008 008 007
Improvement of sales 0.08 008 0.09
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5. Discussion
The results indicate that young women farmers have higher educa-

tion compared to men young farmers in Lithuania. Although exploita-
tion of this potential is still limited by the fact that is seen as
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men business (Johnson et 2016) and agricultural land owners are
willing to transfer their possessions to male offspring (Hall et al., 2017).
This attitude significantly dampers the possibility of young women
entering agricultural business, as other ways of acquiring land in EU
Member States are very complicated (Constantin et al., 2017; Borawski
et al., 2019).
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ment involvement with financial and organizational measures to ensure
the economic viability of farmers.

The revealed higher women's proneness to innovation and interest in
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ARTICLE INFO ABSTRACT

Keywords: This paper focuses on the state-of-the-art analysis of the concepts relevant to the functioning of agricultural

Resilience supply chains. The viable supply chains concept is considered to be the most comprehensive one that encom-

i“ﬁm"ﬂb""y passes sustainability, agility and resilience. However, this concept has scarcely been applied to agricultural
o : supply chains. Thus, we discuss the i ions and empirical mani ions of the related concepts

Supply chain disruption . A A O

i and propose a framework for analysis of agricultural supply chain viability. The methods and indicators are

discussed in a critical manner. We show that the considerations on the level of aggregation, parts of the supply
chain covered and data sources are important when designing analytical tools for agricultural supply chain
viability. Finally, a potential case study of agricultural supply chain viability is discussed in the light of the

theoretical findings and empirical context.

1. Introduction

Agri-food supply chains are of the utmost importance due to food
security objectives (Adams et al., 2022). However, the proper func-
tioning of these supply chains has been challenged during the COVID-19
pandemic. Travelling restrictions and supply/demand disruptions,
which have been in effect to combat the pandemic or as side effects of
the administrative measures, have exerted a detrimental impact on all
economic sectors including agriculture (Torero, 2020; Patrinley et al.,
2020). The COVID-19 pandemic creates many direct and indirect threats
to the resilience of the agricultural sector which need to be tackled
because of food security objectives (Siche, 2020; Timilsina et al., 2020).
The detrimental effects are observed on food supply chains across the
world. The protectionist policies that have recently emerged in multiple
countries have added to the complexity of maintaining supply chain
viability (Aday & Aday, 2020). The additional burden on the already
strained supply networks was imposed by significant changes in con-
sumer behavior, described as panic purchasing of food products with a
longer shelf life (Loxton et al., 2020). In this context, decision makers are
faced with multiple conflicting factors that are to be considered when
assessing the effectiveness of possible policy measures. Indeed, the
agricultural sector (including trade) is i i and re-
quires constant attention by policy makers and other stakeholders.

strengthening the viability and sustainability of food supply chains have
been prop with is on and agility. The shortening
of food supply chains was proposed by Rizou et al. (2020) and Thilmany
ctal. (2021). Risk management techniques related to supply chains were
also discussed by El Baz & Ruel (2021). Reduction in labor input has
been seen as a tool for increasing supply chain resilience by N
(2021). Butt (2021) called for an increased inbound material vi
mitigate the supplier risk. Sharma et al. (2020a, 2020b) advocated for
more extensive use of industry 4.0 technologies for coping with agri-
cultural supply chain distortions. Singh et al. (2020) proposed a new
public food distribution model for the increased resilience of the food
supply chain. The European Union has adopted programs to fund both
administrative and scientific large-scale efforts against the effects of the
pandemic. This requires the sets of measures to be identified (Wieck
et al., 2019) and their relationships when shaping the country-level
support schemes. Obviously, multiple available options for handling
the undesirable effects of the pandemic on the supply risk poses a need
to benchmark and prioritize them. Given the funds allocated for the
support of the policy measures are limited, the crucial issue is prioriti-
zation. Thus, an indicator system needs to be established to compare the
candidate policy measures with regards to their effect on the agricultural
supply chains and agribusiness in general.

Even though individual measures to combat the consequences of the

for

To overcome the di: d imbal. multiple h
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approach unifying (i) multiple actors of the agri-food supply chains, (ii)
multiple measures of the public support, and (iii) multiple indicators of
agri-food supply chain viability is missing. It is important to adapt the
quanmanve (echmques that are capable of representing the un-

d g the d related to agri-food supply chain
funchomng in addressmg these issues. The processes and/or their in-
tensity relevant to different actors of the agri-food supply chains are
rather diverse and require an integrated approach. Therefore, creation
of an indicator system reflecting multiple facets of supply chain viability
is a prerequisite for further integrated actions.

In order to quantitatively analyze the viability of agri-food supply
chains and identify effective strategies for coping with the undesirable
consequences of the COVID-19 pandemic, an operationalization of the
supply chain viability concept is needed. (This is also relevant in iden-
tifying measures for prevention of serious supply chain disruptions in
case of a similar crisis.) Although there have been attempts at its oper-
ationalization (Ruel et al., 2021), there has not yet been extensive
research on the measures of agncultural supply chain viability (espe-
cially, in relation to the g pts). Also, earlier li
reported some scales that are rather data-intensive and may not be
operational in the crisis management context. Thus, development of an
integrated indicator system is necessary to reflect the viability of the
agri-food supply chains without involving numerous and often over-
lapping criteria.

Filling this gap, this paper embarks on a systematic literature review
to identify the criteria that should be taken into account to assess agri-
cultural supply chain viability amid the COVID-19-induced disruptions
at the country level. In particular, we are interested in the case of a small
economy where international trade is crucial. The research relies on
systematic literature review. First, we identify the relevant theoretical
concepts related to supply chain viability. Second, we identify the
relevant criteria describing agricultural supply chain viability. Third, we
discuss the major building blocks required for a multi-criteria assess-
ment of agricultural supply chain viability in a small economy.

The construction of the indicator system for agri-food supply chain
viability allows for easier quantification of the impacts of various crises
on them as well as of mitigation measures combating those crises, en-
ables better selection of of the policy ensuring
effective use of public funds and improving food secumy via propcrly
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COVID-19 on agricultural supply chains in Northern Australia and say
that the “business as usual” approach is not sustainable.

The snowball approach was applied for further analyzing of the
topics related to supply chain viability (and its dimensions) with a focus
on the agri-food sector. The citing and cited items were consulted to
identify the key theoretical and empirical findings relevant to the con-
cepts considered.

3. Citation-based analysis of the literature on agri-food supply
chains under COVID-19

The keyword analysis was carried out to identify the most relevant
topics for the key ibed in the p: ling section. To identify
the prevailing topics and avoid occasional appearances, a total of 310
keywords were filtered using the mini number of four
As a result, 20 keywords met the threshold. Three clusters were identi-
fied in Fig. 1. In the VOSviewer network visualization, the size of circles
reflects the weight of an item. The items belonging to one cluster have
the same color, while the thick of cor ds to more
frequent co-occurrence of terms (van Fck & Waltman, 2010).

The red cluster mostly concerns supply chain and digitalization. Key
terms here are big data, digitalization, food safety, food security food
supply chain, internet, and sustainability. The green cluster is mostly
about resilience and food. Key issues here are agriculture, COVID-19,
food, logistics, resilience, security, and supply chain. The blue cluster
is about management and technologies. The key terms are impact,
internet of things, management, model, performance, and technology.

The second visualization map (Fig. 2) presents all keywords of the
selected papers after the trimming of some non-useful keywords and
country names from the keywords list enabling all research topics
considering agricultural supply chains in the context of COVID-19 to be
grasped. Here we find issues related to data management, absorptive
capacity, disruptions, resilience, supply shocks, food values, health, food
industry, food systems, regional, local food farmmg. agriculture, food
safety and security, industry 4.0 tech P
and food networks.

During the COVID-19 pandemic, the supply chain operations came at
the forefront of the academic research (Remko, 2020). As its importance
for the well-functioning economy was reassessed and cannot be over-

functioning agri-food supply chains. The
framework can be adapted to various supply chains, other than those in
the agri-food sector.

2. Methods

The present paper embarks on the systematic literature survey
(Tranfield et al., 2003) to identify the major challenges posed for agri-
food supply chains during the COVID-19 pandemic. The research for
papers associated with agricultural supply chains in the context of
COVID-19 were surveyed (2019-present) (retrieval data last updated:
January 28, 2022). The intention of this bibliometric analysis is not to
carry out a comprehensive literature review, but lo ohmm the main and

(Choi, 2020). Ivanov's (2020) modelling of the possible effect
of COVID-19 pandemic onto various global supply chains not only
c d the of the di but also its ion, called
the ripple effect, but also states that the lowest decrease in the supply
chain performance can be observed in cases when the facility recovery at
different echelons in the supply chain is synchronized in time. Goel et al.
(2020) confirm the ripple effect, although they point out its opposite
direction. The supply chains are seen as the main propagators of eco-
nomic shocks by Inoue & Todo (2020). Nandi et al. (2021), analyzing
COVID-19 pandemic outcomes on global supply chains, conclude that
the mus( |mponant factor putting a strain on supply chains during a

i is a misbal, of provision and ion of
products in particular locations at particular times. One of the proposed

emerging areas of research and their i on agri-food
supply chains during the COVID-2019.

The Web of Science (WoS) dalabase was used to search for papers.
This database can be i d as the most rep! out-
lets. The citation-based visuali: was perfe d by applying the
VOSviewer software. The query in the WoS search tool was as follows:
TOPIC (“COVID*" OR “sars-*" OR “coronavirus” OR “2019-nCoV) AND
(“agri*" OR “agro” OR “food™) AND TITLE (supply chain). This search
gave a total of 146 documents. Then the results were refined by Docu-
ment Types (Articles and Review). The final list consists of 133 papers
from WoS, all written in the English language, by 522 scientists, from 65
countries. The highest number of papers (95 out of 133) were published
in 2021. According to our query, the first paper was published in 2020
by Babacan and McHugh (2020). The authors highlight the impact of

is the deeper integration of global supply chains into a
blockchain based economy, as it is capable of reacting to mismatches
more quickly.

Local clusters may form m !he global supply chains (Jankowiak,
2021). Digitali; and | as a main trend in
shaping post-COVID-19 supply chain development are mentioned by
Pujawan & Bah (2021). Sharma e (2020) also appeal to technolog-
ical development in addressing the resilient post-COVID supply chains.
Shen & Sun (2021) place emphasis on operation flexibility and collab-
oration beyond supply chains when discussing factors enabling coping
with large-scale disruptions of supply chains. The emergence of micro
supply chains has been noticed by Shokrani et al. (2020). Ivanov & Das
(2020) conclude that supply chains’ performance strongly depends on
the duration of disruption in their hough the disrup
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period of upstream facilities does not significantly reflect on the overall
conduct of supply chains. Guan et al. (2020) also support this insight,

Journal of Business Research 155 (2023) 113417

stating that negative effects on supply chains are hened by the
duration not the strictness of the lockdowns. Inoue et al. (2021) found
that the economic effect on supply chains during the pandemic is largely

(2021), who states that although big meat p: ing ies have
cos( and efﬁmency advantage, small firms arc more adaptable, which
1 the i of food supply chains during un-

expected shocks. Arouna et al. (2020) found that during the COVID-19
d in food value chains the most affected were production

shaped by the of supplier ility. Another lesson
which was learned by the supply chain management practitioners dur-
ing COVID-19 pandemic is that recently propagated “bounce forward"

(due to compromized ability to access sufficient labor) and sales pro-
cesses as due to massive lockdowns lots of jobs were lost which affected
the purchasing power of consumers, and which, in turn, materialized in

strategies may not work during strong in a global ly lower demand, although some slightly contradictory evi-
(Ruel et al., 2021) and !.he more preferred are i dence is provis by Cariappa et al. (2021) who points at significant
namely: i ity, i and repurposing (lv anov, disruptions in food logistics operations. This was to blame for substan-
2021). Queiroz et al. (2021) add also p d and i tially i d food prices, whlch even restricted some parts of the
components. In order to increase the overall viability of supply chains it ion from The long-te effects on food
is ded to use a ination of both ion and lean supply chains induced by the COVID-19 pandemic are discussed by

strategies, which creates a foundation for a long-term reslllence of
supply chains (Ivanov, 2021a). Paul & Choudhury (2020), proposing a
recovery plan of global supply chains during a pandemics, pivot on a
manufacturing part of supply chains as a focal point in ensuring viability
of the whole supply chain during a pandemic. Analyzing the supply
chain behavior during the COVID-19 pandemic Magableh (2021) found
that the main triggering factors for supply chain disruptions were panic
buying, material limitations and localization trends. Golan et al. (2020)
embark on g theory in ing their for increase of
resilience of supply chains. Butt (2021) supports this idea arguing that
knowledge and information sharing beyond supply chain actors can
slgmﬁcamly help to mmga(e the consequences of supply disruptions. A

is by Mehrotra et al. (2020)
in order to cope with unexpectedly increased demand of vital products
during a pandemic. Nikolopoulos et al. (2021) propose an improved
forecasting technique allowing to better adjust supply and demand
during external shocks, which decreases strain on the supply chains.
Mirchandani (2020) argues that in an extreme situation the necessary
products must be given priority in supply chain operations in order to
keep the vital sectors functioning. Golgeci et al. (2020) argues that
supply chain practitioners in the post-COVID-19 world will be facing a
multiplicity of tasks, namely increasing the efficiency and reslllence of

supply chains, h these ch ics are partl!

Hobbs (2020) who points to prioritization of local food supply chains,
which serve the purpose of short supply chains.

Although there is also a significant theoretical stream, which pro-
vides arguments about the positive effect of the COVID-19 pandemic
onto agri-food supply chain operations. Gray (2020) found that the
COVID-19 pandemic facilitated the logistics of food products, as during
a pandemn: the dernand for olher products significantly decreased

ding free i etc.) avai for
food products. Deconinck et al. (2020) praise food supply chains in a
developed world for being among the best not only in adaptation to
COVID-19 challenges, but also finding new sustainable and long-term
business models (food delivery, pre-| packaged food, e(c) Adolndun
et al. (2021) argue that taken reg: food
supply chains during the COVID-19 pandemic also serve the environ-
mental purpose of helping to decrease the carbon footprint of agri-food
supply chains. We discuss the relevant concepts in detail below.

4. Supply chain resilience

The concept of supply chain resilience (SCR) has been increasingly
researched since the 2000 s (Michel-Villarreal et al., 2021). However,
despite its increasing popularity, SCR does not yet have a generally

and cannot be achieved simultaneously. This is partly supported by
Ivanov & Dolgui (2021) confirming the cost demanding nature of
resilience enhancing measures. Another concept which has evolved
during the COVID-19 pandemic is the viability of the supply chain
(Ivanov, 2020a), which although similar to the resilience concept, is a
wider notion also covering agility and resili features.

Supply chains in the agri-food sector also face similar problems as
their counterparts in other economic sectors (de Sousa Jabbour et al.,
2020). The COVID-19 pandemic, for instance, has affected the whole
food supply chain (Aday & Aday, 2020), although agricultural sector is
considered to be rather robust to such a challenge compared to others
involved in the supply chain (Reardon et al., 2020). Coluccia et al.
(2021) found that during the COVID-19 pandemic, perishable rood

d de It has been defined in a narrower or broader way
depending on the author (Table 1).

Ribeiro (2017), after conducting a bibliometric analysis on SCR
concept, state that SCR definitions tend lo become broader in time. In
the broadest sense SCR fived ions: the ion of
the disturbance(-s), the ability of SC to withstand perturbation, the
ability to adapt to it and recover (sometimes distinguished as two
separate dimensions - adaptation and recovery (Hosseini, Ivanov &
Dolgui, 2019)), the ability to grow to a new, qualitatively better state or
growth path, and the ability to learn from the perturbation. These di-
mensions go sequentially in time (Fig. 3).

However, it must be noted that two dimensions are not always
included, depending on the way of resilience operationalization (dis-
cussed in more detail below). One of these dimensions is the first —

products, whose harvest ided with the of the pand
perished the most ienci i price and even food
waste practices, while storable goods were protected by the resilience of
the transportation part of the agri-food supply chain. Food supply chains
also suffered from increased transportation costs during the COVID-19
pandemic due to chaotic inventory ordering which led to irregularity
in product deliveries (Burgos & Ivanov, 2021). In order to increase the
resilience of grain supply networks, Sharma et al. (2021) offer imple-
ion of new hy I-modelling-based ion algo-
rithms. Shanker et al. (2021), analyzing the effect of lhe COVID-19
pandemic on perishable food products, found that behavioral factors
are the most difficult to predict in adapting supply chain

- phase or, in other words, the capability of a supply chain
to prepare for unexpected events (Closs & McGarrell, 2004; Ponomarov,
2012; Hohenstein et al., 2015; Wang et al., 2016; Zavala-Alcivar, Ver-
decho, & Alfaro-Saiz, 2020). The second, or to be more exact the last one
in the resilience process, is the learning phase that comprises the ability
of the SC to analyze the causes of the disruption and its impacts and to
identify and take actions needed to increase resilience to the future
disturbances (Zavala-Alcivar, Verdecho, & Alfaro-Saiz, 2020). These
two capabilities are unquestionably relevant and significant for the
resilience of the SC, nevertheless, it could be argued that they should not
be consldered as part of resilience itself, rather as factors influencing

strategies to the new reality. Van Hoyweghen et al. (2021) noticed that
traditional loosely integrated food supply chains are more resilient to
various exogenous shocks compared to modern vertically integrated
supply chains of large 1 This is d by Hobbs

the preparation and learning capabilities do not
directly determine the actual response of SC to the factual perturbation
or, in other words, do not guarantee that the SC will be resilient due to
ever-changing specifics of complex systems and context-specific resil-
ience nature. The two capabilities only increase the chances of SC to be



AUTORES PUBLIKACIU RINKINYS

87

T. Balezentis et al.

Table 1
Definitions of resilience.
Definition Reference
‘The ability of a system to return to its original state or Christopher & Peck
move to a new, more desirable state after being (2004)
disturbed
‘The adaptive capability of the supply chain to prepare  Panomaroy & Holcomb

for events, respond and (2009)
recover from them by maintaining continuity of

operations at the desired level of connectedness and

control over structure and function

The ability of a supply chain to cope with change, if its  Wieland & Wallenburg
original stable situation is sustained or if a new stable  (2013)
situation is achieved

“The adaptive capability of a supply chain to prepare for
and/or respond to disruptions, to make a timely and ~ (2015)
cost-effective recovery, and therefore progress to a
post-disruption state of operations - ideally, a better
state than prior to the disruption.”

“A resilient system is a system with an objective to
survive and maintain function even during the course
of disruptions, provided with a capability to predict
and assess the damage of possible disruptions, and
enhanced by the strong awareness of its ever-changing
environment and knowledge of the past events,
thereby utilizing resilient strategies for defense against
the disruptions.”

“Supply chain resilience is a dynamic process of steering

th so that izati of
the danger zone, and if the disruptive/uncertain event
occurs, resilience implies initiating a very rapid and
efficient response to minimize the consequences and
maintaining or regaining a dynamically stable state,
which allows it to adapt operations to the
requirements of the changed environment before the
competitors and succeed in the long run."

Five core resilience capabilities are: the ability to Ali, Mahfouz & Arisha
anticipate, to adapt, to respond, to recover, and to (2017)
learn.

“A resilient supply chain should be able to prepare, Ribeiro & Barbosa-Povoa
respond and recover from disturbances and afterwards ~ (2018)
maintain a positive steady state operation in an
acceptable cost and time."

“SC capability to utilize the absorptive capacity of SC
entities to repulse and withstand the impacts of
pemubanons. to mmnmlm the consequences of

by dapti
capacity and to recover performance level to normal
operations in a cost-efficient manner using restorative
capacity when absorptive and adaptive capacities are
not sufficient.”

Tukamuhabwa et al.

Wang et al. (2016)

Datta (2017)

Hosseini et al. (2019)

actually resilient and thus better correspond to the resilience capacity
rather than actual resilience.

Factors influencing resilience of SC is one of the most widely and
deeply researched topics in the SC resilience area. A broad array of
factors has been proposed by various authors: flexibility (Centobelli,
Cerchione, & Ertz, 2019; Abeysekara, Wang, & Kuruppuarachchi, 2019),
collaboration (Costa et al, 2019; Shin & Park, 2019), shared

Performance

Disturbance

Anticipation
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information (Statsenko & Corral de Zubielqui, 2019; Duong & Chong,
2020), trust (Raj, 2015; Mohammed, 2020), velocity/agility (Carvalho,
Azevedo & Cruz-Machado, 2012; Subramanian & Abdulrahman, 2017;
Singh, Soni & Badhotiya, 2019), visibility (Thome et al., 2016; Zainal
Abidin & Ingirige, 2018), redundancy (Mohammed, 2020; netal.,
2020), contingency planning (Saghaei, Ghaderi & Soleimani, 2020;
Sawyerr, & Harrison, 2020; Ek , Shen & K , 2020),

(Stone & Rahimifard, 2018; & Corral de Zubielqui,
2019), knowledge management (Adobor, 2019; Sawyerr & Harrison,
2020), etc. based on the bibli ic analyses on SC resilience

(Tukamuhabwa et al., 2015; Zavala-Alcivar, Verdecho & Alfaro-Saiz,
2020; Simbizi, Benabbou & Lrh 2021) five factors have been singled
out as the most imp d: agility,
and visibility. Flexibility is considered as the ability of the supply chain
to deal with the consequences of the penurhauon inaquick and efficient
manner. Red is as g/appoi and using
spare capacity and inventory that can be used in case of disruptions.
Agility is the ability of SC to respond quickly, effectively, and cost-
efficiently to a disturbance (Wieland & Wallenburg, 2013). Supply
chain collaboration - the ability to work effectively and efficiently with
other actors in the supply chain to gain synergy effects. Visibility refers
to the ability to see through the entire supply chain to more easily
identify potential threats (Tukamuhabwa et al, 2015). Each factor
comprises a set of elements. For example, flexibility encompasses such

as change of of the pr process,
mu.lnfuncﬂonaluy of the workers, use of robotics, product designs
1g options, to-order strate-

gies, etc Redlmdancy is concemed with efficient reservations of ca-
pacity, inventory, and lead time (backup suppliers, inventory stocks)
(Hosseini, Ivanov & Blackhurst, 2020). Agility can be enhanced by use of
digital lechnologxes and various intelligent platforms (for prediction,

h network etc.) (Shen
& Sun, 2021), human- robol collaboration, multiple sourcing, omni-
channel, product i and p ies, location of
factories close to the markets (Ivanov, 2021), etc. Collaboration mainly
includes sharing i ion and other Visibility can be

h d using bl hnologies (Hervani et al., 2022), sensors,
Radio Frequency Identification, Track and Trace systems (Ivanov et al.,
2019; Brintrup et al., 2020), etc. These elements are in turn associated
thh aset of actions that the supply chain should implement when facing
a b ing the right ies that pro-
active, concurrent and reactive actions should increase resilience to
factual crises in all phases (absorption, adaptation and recover and
transformation).

However, when (alkmg about the strategies to increase resilience, a
notion of cost- occurs. A share of authors
analyzing SC resilience emphasize the need to address costs when
talking about resilience (Tukamuhabwa et al. 2015; Ribeiro & Barbosa-
Povoa, 2018; Hosseini et al., 2019, Ivanov, 2021). In this line,
Asbjornslett (2009) state that resilient capabilities in the aspect of lo-
gistics and supply chain management should enable cost-effective

Transformation
——

‘Kﬂn‘pﬁucm and recovery
(Time arld extent)

Time

Fig. 3. Dimensions of the resilience.
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minimization of vulnerabilities and Brandon-Jones et al. (2014) argue
that too high costs in creating SCR may h its inal bene-

Journal of Business Research 155 (2023) 113417

Rose (2007) uses a “ratio of avoided drop in system output and

fits. Therefore, Tukamuhabwa et al. (2015) state that definition of the
resilience of an economic system without regard for cost should be

possible drop in system output” to calculate static resilience.
Ivanov and Das (2020) assess resilience using four indicators: produc-
tion inventory dynamics, customer performance, financial performance

considered as incomplete. The other issue with resili h

factors is their relationship belween and among each other. Are all of the

factors (flexibility, collab d. etc.) equally i

for SC resilience, and if not, which are more important and to what

extent? In addition, does the importance of these factors stay the same

across time, context, and space? Moreover, how do these factors affect

each other — are they synergetic or, on the contrary, are there trade-offs

between them? Although there are some studies aboul these i: 1ssues (e.g.
ionship between such as i

and lead-ti . Simchi-Levi et al. (2014) proposed a time-
to-recover indicator (defined as the time required for a particular node
to be restored to full functionality after a disruption) to quantify the
impact of a disruption for supply chains; and an indicator — time-to-
survive — defined as the maximum amount of time a system can func-
tion without performance loss. Shen and Sun (2021) use order fill rate
(depicting supply management), proportion of dull sales (depicting de-
mand management), inventory level and inventory turnover days

collaboration and agility), the views are varying and in general these
issues are as yet under-researched and should be investigated further.

It must be noted, however, that there Is no clear distinction among
the factors used to characterize resilience, i.e., the ones influencing it,
and factors used to quantify resili ie., ing actual

logistics ) and available rate per pageview (the
performance of the entire supply chain) as resilience indicators. Dixit
et al. (2016) quantify resili via two indi of un-
fulfilled demand post-disaster and total transportation cost post-
disaster. Summarizing, indicators used for SC resilience mainly
depend on the goals of the study and can, Lherefore, be dwnded mto two

broad ies: 1) indi g the and

For example, some authors consider supply reliability as a
quantification factor (Wang & Ip, 2009), while it can be attributed to
resilience determinants as well. These differences render quite a chaotic
interpretation of the SC resilience concept and its manner and methods
of quantification. However, the analysis of extant literature sources al-
lows to Tude that resili factor differentiation depends mostly on
how the SC resilience concept has been operationalized. Two main ways
can be distingui SC resili as capacity and SC resil-
ience as factual SC resili as resili capacity allows
resilience capacity and resilience reserves to be evaluated or enables
singling out the main factors that influence the response of the SC to the
factual crisis, whereas SC resilience as factual resilience allows evalua-
tion of how (and if) the SC is/was (or will be) impacted by the crisis and
how (and if) SC recovers from it, thus evaluating if the system is/was
resilient or not. Based on the former case when resilience capacity is
evaluated, the relevant factors potentially influencing resilience are
being used either to create SC resilience indices (Azadeh et al., 2014;
Soni et al., 2014; Azevedo et al., 2016; Shanker et al., 2021) or to
incorporate them in the models that do not create an SCR index, but, as
Ribeiro (2017) states, are important for their results’ interpretations
(Cardoso et al., 2015; Hosseini & Barker, 2016).

Other authors that approach resilience as factual resilience focus on
estimation of the impact of the disturbance and/or the recovery of the SC
after it, usually considering such factors as the performance level, loss

appraisal and recovery time (Cimellaro, Reinhorn & Bruneau 2010;
Zobel 2010). According to Tukamuhabwa et al. (2015), it is “the most
d way of a system’s resili ", Time the

speed of recovery and is often included in SCR definitions as timely
recovery (Ponomarov, 2012), reduced time of recovery (Falasca, Zobel,
& Cook, 2008), acceptable period of time to recover (Brandon-Jones
et al., 2014), etc. The SC, that need extended periods of time for re-
covery, would be considered as non-resilient. There are, however, no
strict time frames defining an acceptable time for SC recovery suggested
in the literature and, as Cimellaro, Reinhorn and Bruneau (2010) argue,
may be determined by decision makers circumstantially (in comparison,
in regional resilience studies a 3-4-year period is suggested to be a
reference of recovery for national/regional economic systems (Hill et al.,
2011; Bristow & Healy, 2017; Angulo, Mur & Trivez, 2018). Concerning

reserves, and 2) indicators, reflecting the impact of a disturbance on SC.
In terms of SC resilience research methods, the dominant approaches

in the operations and supply chain management literature are concep-
tual/th | studies and modelling work, followed by case studies
and surveys (Tukamuhabwa et al., 2015). This applies to both types of
resilience research: SCR as resilience capacity and as factual resilience.
The modeling approaches, according to Hosseini, Ivanov & Dolgui
(2019\ could be divided into five categories: mathemancal and opu-
structural

simulation techniques; and multi-criteria decision-making.

5. Supply chain agility

Supply chain agility is a multi-faceted concept that relates to the very
supply chain and its environment. In essence, it refers to ability to adapt
to the d) d: ics in the envi The dy ics in the
environment can occur at different levels of management and this will
require corresponding adjustments in the supply chain in order to
remain in the market (and maintain market share). The pioneering
studies on supply chain agility include those by Nagel and Dove (1991),
Goldman et al. (1995) and Yusuf et al. (1999). The surveys positioning
supply chain agility among the related concepts were provided by, e.g.,
Patel et al. (2021) and Yadav and Samuel (2022).

The definition of supply chain agility has also evolved with time and
varies across studies. The major differences in definitions of supply
chain agility offered in the literature relate to the scope of said concept.
As observed by Do et al. (2021), there have been two major strands of
the literature on the definition of supply chain agility. First, the

to the needs d) is stressed as the
comexstone of supply chain agility (Swafford et al., 2008). Second, a
somewhat wider approach was followed by Li et al. (2008, 2009) who
suggested taking into account the alertness and capability to respond.

The first approach (Swafford et al., 2008) refers to agility as the

ion of and p to tackle events.
Mass ization has been P as one of the major factors
requiring an increase in the agility of supply chains. Swafford et al.
(2 ’OOSD isolated ﬂexlblhty as a distinctive characteristic of an agile or-

performance levels and loss Munoz and Dunbar (2015) resil-
ience via such indicators as recovery (capturing the time required to
return to the acceptable performance range), impact (capturing the
severity of the impact on performance), performance loss (capturing the
total performance loss), profile length (capturing the length, of the
profile as it reaches lhe acceptable performance level) and the weighted
sum (time-d d ighted sum to capture the speed and
shape of the transient response). In a similar line, Cimellaro, Reinhorn,
and Bruneau (2010) quantify as residual i ity right
after the disturbance, which is calculated based on the losses incurred.

Thus, flexibility and agility were considered as distinctive
features of a supply chain. Swafford et al. (2008) argued that flexibility
gives raise to agility. In this context, flexibility was related to adapt-
ability and versality of internal supply chains (from development to
distribution), whereas agility related to the speed of adjustment. The
adjustment involves the key elements that are crucial for the customers,
namely product ion, delivery and (Swafford
et al., 2008).

Turning to the second of the aforementioned approaches towards
agility definition and the ph lly efficient/market-
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responsive supply chain dichotomy (Fisher, 1997) can be considered as a
precursor, yet no distinction is made in regards to flexibility and agility.
In this latter approach, the alertness of changes and capability of using
the resources in response to such changes are used as the two key
components of agility (Li et al., 2008, 2009). What is more, the two-
dimensional typology is proposed by Li et al. (2009) towards supply
chain agility by considering twn componems of aglllty against three
levels of I and dic). The strategic
level involves fundamental shifts in technology, society and economy.
At the operational level, the focus is put on alignment of day-to-day
operations with actual customer needs (including the choice of the
operation mode as described by Fisher (1997)). Finally, at the episodic
level, one is concerned with emergencies (disasters, outbreaks of
violence, cyber-attacks, epidemics) that are of rather unique character.
The further discussion on supply chain viability requires description

of different types of products and supply chains. Fisher's (1997) idea
was to attribute functional products (products with clear patterns of
demand and low variety) and innovative products (those with unpre-
dictable demand and high variety) with particular design of the supply
chains. Therefore, innovative products require market-responsive sup-
ply chains that take into account the diverse needs of customers and high
ﬂuctuauons in demand. Note lhnl such supply chains require both
I and ions to ensure rapid resp: to a
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logistics, i 1, finance),
and innovativeness.

The studies on supply chain agility mostly exploit the qualitative
approach where scales are applied for measurement of agility. Table 2
presents the indicators used for describing supply chain agility in
different contexts. We also provide measures for supply chain flexibility
as those are closely related (as antecedents) to agility. Note that some
studies encompass flexibility as an integral pan of agility and the in-
dicators overlap in such cases. provide
describing the performance of the whole supply chain. Thus, a more
comprehensive approach would be to involve different stakeholders into
analysis. Some can be at both individual and
sector levels, small and large producers, whereas other can only be
relevant for a particular group of stakeholders. For instance, farmers
cannot increase agricultural output beyond their production capacity,
which is fixed in the short run. In this case, the relevant point is the
access to appropriate storage facilities that can allow for higher flexi-
bility in adjusting delivery quantities over time (but not the overall
volume).

In the case of agri-food supply chain agility assessment, several de-
cisions need to be made. The level of aggregation needs to be chosen. For
instance, one can assess the agility of supply chain relevant to a slngle

‘hangis i The 1 products should rely on physi-
cally efficient supply chains that ensure high utilization rates and low
inventories. Agility relates to innovative products and market-
responsive supply chains.

An important property of an agile supply chain is its virtual dimen-
sion (Li et al., ’008) ThlS comprises the networks and information that

ili In case i is effec-
tively transmitted to the producer, the latter can embark on rapid and
appropriate reactions to respond to operational challenges or disrup-
tions. With increasing digitalization, the developmen( of agile supply
chams can benefit from on-line (whether di: i 'y or

y) among d and

There have been a number of empirical studies aimed at (re-)defining
and measuring supply chain agility. As supply chain resilience is a
relatively vague concept, the measures applied vary across the studies.
Li et al. (2009) developed a scale for measurmg supply cham agility by
conducting interviews with rep of ing in
construction, manufacturing and service sectors. Gligor and Holcomb
(2014) followed the same approach and looked into the antecedents of
supply chain agility. Swafford et al. (2008) looked into the linkages
among information lechnology use, supply chain ﬂexlblllly, supply
chain agility and i in

Agricultural supply chains have received less attention in the context
of supply chain agility. It is obvious that agricultural supply chains are

or the regional situati ing that prod are
homogenous. Then, the system boundaries need to be decided. One may
focus on the whole supply chain or only on certain parts thereof (up-
stream, ). The variables to be need to be iden-
tified to avoid excessive burden for the respondents and analysts.
Finally, the means of information acquisition need to be chosen in
accordance with the research context and respondent preferences.

6. Supply chain sustainability

Queiroz et al. (2020) carried oul a systematic literature review
related to d and breaks and d that
adaptation, the ripple effect, recovery, digitalization, preparedness and
sustainability are vital aspects to be considered in designing supply
chains. The sustainability focus in supply chain management is built on
consideration of supply chain ecosystems and their viability (Ruel et al.,
2021). A supply chain can be considered viable if it is able to maintain
itself and ensure at the same time an ecosystem balance (Ivanov &
Dolgui 2020).

Sarkis et al. (2020) highlighted the imp« of circular
to ensure long-term supply chain survivability and sustainability. There
are multiple feedback cycles in the supply chain ecosystems, including
both positive and negative feedback. Ivanov (2020) stressed that the
interactions of the supply chain and ecosystems are concerned with a
positive cycle of using natural resources and a negative cycle linked to

mostly physically efficient ones rather than market- ones as gas (GHG) emissil as p contributors to climate
agricultural products (or dities) are ional following the change. The interaction of the supply cham wuh society results in pos-
definition by Fisher (1997). Therefore, supply chain agility is not that itive such as and devel-
relevant in the agricultural context. Still, certain pomls arc woﬂ.h opmenl though the negative feedback are linked to possible labor strikes
considering in any instance of supply chains. ifi to ptions at supply chain resilience level) or global pandemics (dis-

the new circumstances occurring due to episodic events (dlsrupuons) is
important for both functional and innovative products and their supply
chains.

Several studies can be given as examples of research on agricultural
supply chain viability amid the COVID-19 pandemic. Do et al 420'71|

ruptions at supply chain survivability level).

The supply chains with their integrity are crucial for sustainable
development of society due to the fact that they secure the provision of
society and markets with necessary goods and services for survival and
functioning and development (Ivanov & Dolgui 2020b). Finally, the is-

discussed food supply chain agility in the United Ki and pi

a survey of studies on food supply chain performance during CDV]D 19.
The latter study showed that the crisis implied both positive and nega-
tive changes in supply change, both on the producer and the consumer
side. Ramos et al. (2021) related supply chain flexibility, integration
(internal and external) and agility in the case of the Peruvian coffee
sector in the presence of the COVID-19 pandemic. The study by Aggrey
etal. (2022) focused on Ghanian poultry farms. In the latter case, supply
chain agility was related to integration (internal, financial, supplier,

sues of h logistics and supply chain are built as a central
perspective in the sustainability focus (Besiou & van Wassenhove, 2020;
Fosso Wamba, 2020).

The United Nations (UN) Agenda for Sustainable Development 2030
has declared the 17 Sustainable Development Goals (SDGs) (United
Nations, 2022a). Therefore, it is necessary to stress that sustainable agri-
food supply chains play an important role in achieving interlinked UN
SDGs. There are two main SDGs linked to food systems: to end hunger,
achieve food security and improved nutrition and promote sustainable
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Table 2
Indicators for measurement of supply chain flexibility and agility.
Reference Indicator Relevance in agri-food supply
chains
Flexibility
Ramos et al. Quick change in organizational Large agricultural producers,
(2021) structure in response to business  processing, wholesale and
conditions retail
Cost-effective change in Large agricultural producers,
organizational structure in processing, wholesale and
response to business conditions retail
Ability to change organizational  Large agricultural producers,
structure without affecting processing, wholesale and
service quality retail
Organization is more flexible in  Large agricultural producers,
‘comparison to competing ones processing, wholesale and
retail (only at the company
level)
swafford Ability to change quantity of Al stakeholders
etal supplier's order
(2008) Ability to ch: timeof  All
supplier's order
Ability to adjust the product-mix Al stakeholders
Ability to alter the delivery All stakeholders
schedule
Ability to change production Less relevant to primary
volume production, more relevant to
downstream
Ability to reduce the throughput  More relevant to processing
time than other parts of the agri-
food supply chains
Ability to reduce development Less relevant to agri-food
cycle times supply chains under
disruptions
Agility
Ramos et al. Quick detection of changes in the Al stakeholders
(2021) environment
Continuous collection of All stakeholders
information from suppliers and
customers
Swafford Speed in adjusting delivery Less relevant to primary
etal capability production, more relevant to
(2008) downstream

Lietal
(2009)

Speed in improving customer
service

Speed in improving
responsiveness

Speed in reducing manufacturing
lead time

Speed in reducing development
cycle time

Speed in increasing frequencies
of new product introductions

Speed in increasing product
customization

Speed in improving delivery
reliability

Ability to detect the changes
(strategic changes, changes in
demand/supply, changes in daily
operation)

Ability to use multiple channels
to keep aware of changes
Ability to reconfigure supply
chain resources in timely manner
Ability to reconfigure supply
chain resources in flexible
manner

Less relevant to primary
production, more relevant to
downstream

All stakeholders

Large agricultural producers,
processing, wholesale and
retail

Large agricultural producers,
processing, wholesale and
retail

Large agricultural producers,
processing, wholesale and
retail

Large agricultural producers,
processing, wholesale and
retail

Al stakeholders

All stakeholders

All stakeholders
All stakeholders

All stakeholders

Journal of Business Research 155 (2023) 113417

agriculture (SDG2), to achieve healthy lives and promote well-being for
all at all ages (SDG3) and to ensure sustainable consumption and pro-
duction (SDG12). Therefore, the SDGs require the optimum utilization
of all produced raw materials by the food systems and integrated ac-
tivities throughout all stages of the food supply chain. There are specific
tasks under SDG12 that require to halve global food waste per capita and
to reduce food losses in supply chains (SDG 12.3) and obliges to ensure
ble food prod systems and )l resilient agricul-
mral pramces that increase productivity and production, that help
that hen capacity for adaptation to climate
change, extreme weather, drought, flooding and other disasters and that
progressively improve land and soil quality (SDG 2.4) and obliges to
safeguard healthy lives etc. (United Nations, 2022b).

Scholars argue (Madhav et al., 2017; Vieux et al., 2019; Springmann
et al., 2018; Scherhaufer et al., 2018; Galanakis, 2020) that the current
food systems are not sustainable. The main problem is food waste as
according to FAO data, one-third or almost 1.3 billion tones/year of food
produced globally is wasted. This food waste is responsible for almost
3300 Mtn of CO2 emissions/year (Food and Agriculture Organization of
the United Nations, 2011). Based on the 2019 estimate of the Food and
Agriculture Organization of the United Nations, almost 14 % of food is
lost in stages before the retail level (e.g., agriculture, harvest, slaughter,
and catch) (Food and Agriculture Organization of the United Natio
2019). With increase of urbanization and population to about 10 billion
by 2050, food security will decrease even more, leading to new food
crises (Madhav et al., 2017).

The authors agree that current food systems are highly dependent on
animal-based protein sources that are not sustainable from an environ-
mental point of view but also from a health and food security perspective
(Vieux et al., 2019; Springmann et al., 2018; Galanakis, 2020). Meat
consumption is proportional to the amount of greenhouse gas (GHGs)
emissions (Vieux et al., 2019) and is closely linked with the risks of
chronic diseases or cancer (Springmann et al., 2018). There has been
research on alternative protein sources everywhere, like cockroach milk
and cockroach flour, possibilities of dietary shift from beef to poultry
and pork (to reduce red meat consumption) and use of artificial meat
that is lab-grown (De Oliveira et al., 2017; Chriki, Hocquette, 2020). In
addition, the currem food sys!ems often have food safety gaps allowing
the of Increasing di ds for
protein, the i mcreasmg population, as well as the depletion of resources
lead re to i i more i and safer food sources
in order to feed the world and meet markets' needs (Galanakis, 2019).
The authors agree that for ensuring sustainable food supply, the main
trend should be food-processing from by-products (from meat or fish
processing or the dairy sector) which can be recovered and reintroduced
in the food chain (Galanakis, 2015; Galanakis, 2020; Sarfarazi et al.,
2020).

Therefore, the focus on sustainability requires the effective utiliza-
tion and consumption of natural resources to balance ecological, eco-
nomic and societal aspects of agri-food businesses. The sustainability
focus also adds a new demand on business and additional requirements
for agri-food supply chain managemem M.uu,ld et al. (2018) analyzed
the key enablers in impl. jti for Agri-Food
Supply Chains and applied the ISM ~ fuzzy DEMATEL approach.

Food systems have an impact on human health directly and indi-
rectly; their sustainability is even more important during the COVID-19
outbreak. Scholars underlined the importance of sustainability in the
food chain in order to avoid or reduce the occurrence of food and health
crises in the future (Galanakis, 2020; 2019).

During a pandemic outbreak, companies are uncertain about sus-
tainability of their supply chain and often meet disruptions in the supply
chain. There are dlﬁerences pointed out by various authors among

loped and ies in food supply chain management
during Lhe COVID-19 ou(break In developed countries, the food supply
chain is well-organized, highly integrated and resilient, however in
developing countries it is usually not organized and very labour
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intensive (Kumar et al., 2020). Therefore, the current COVID-19
pandemic impact was much more devastating for developing coun-
tries, leading to the problems of hunger and unavailability of safe food
(United Nations, 2022b).

Gupta and Singh (2020) studied sustainability issues of a logistics
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Evaluation Laboratory (DEMATEL) tool.

Finally, Magableh (2021) proposed a multi-factor multi-step frame-
work for supply chain during the COVID-19 by defining the main
components of supply chain during COVID-19: disruptions, facts, phe-
nomena, capability building, crisis aspects, costs control, areas of im-

service provider and ind: d that collab proac-
tive business continuity planning and financial sustainability were found
to be the top risk mitigating strategies. Sharma et al. (20202) evaluated
and prioritized major agricultural supply chain risk caused by pan-
demics. Sharma et al. (2020Db) applied the MCDM method in the agri-
food industry in India and identified the major factors that enhance
the survivability of the sustainable supply chain during COVID-19.

steps, and towards resili of
!he supply chain.

There is also evidence that the likelihood of pandemics has increased
suhstannally over the past cenmry due to urbanization, global travel,
and i ion of natural and modi-
fications in the use of land. Therefore, during COVID-19 the most
important is to reconsider the food systems and design their future, i.e.,

Hervani et al. (2021) analyzed socially sustainable and resilient it is essential to increase their resilience (United Nations, 2022b).
supply chains and developed a per The historit of the concept of sustainable develop-
i i i | goods val to evaluate social sustain- ment can be divided into three periods and the initial ideas are traced
ability and digitalization using to enhance supply back to the 18th century where icians have
chain process bility and resili This k was applied the boundaries of the development (Tomislav, 2018). The main s(amng
for COVID 19 supply chain analysis and provided various social sus- point of the devel of inability indi is d to the

ket-based methods, and sup- third period of the concep( developmenl and linked to the United Na-
porting blockchain capabilities for supply chains. tions Confe on and Devel the Earth Summit

Mishra et al. (2021) showed that training the personnel of the focal

firm on disruptis and is a key issue as it en-
sures better mmganon of future adversities. Sodhi et al. (2021) stressed
that for the i P to the demic, a firm could begin

omni-channel distribution by providing home delivery of products
through tie ups with local delivery agents. However, for long term
supply chain management it is necessary for the firms to develop a more
robust and sustainable business model by creating its own omni-channel
distribution network to prevent dependencies in future.
Hofstetter et al. (2021) analyzed different i
global value chains linkages with the circular and

of bl

held in Rio de Janeiro in 1992, where the main principles and the
framework for action to solve environmental issues through sustainable
development was proposed (Wu & Wu, 2012). Since then, sustainable
development became the dominant paradigm and research related to it
grew exponenually (Pun isetal., 2019). Consequently, the development
of the i .'md indicator have been
initiated and ped by (OECD, FAO),
scholars and applied by policy planners and decision makers at different
levels (global, national, local, sector, enterprise, product) to assess the
state and tu monitor the trajectory of simultaneously considered eco-

their bridging opportunities by taking into account the challenges of the
COVID-19 pandemic. To make supply chains more resilient, transparent,
and sustainable during the current COVID-19 outbreak, Nandi et al.
(2020) developed the main I agility, and digitization
(Lcharacteristics in order to redesign supply chains using the
Blockchain-Enabled Circular pp h. Rajakal et al. (2020)
applied the fuzzy-based multi-objective approach for pl: sustain-
able new expansions of agriculture lands in the current COVID-19 sit-
uation and carried out multi-objective expansion analysis of sustainable
agro-industrial value chains based on profit, carbon and water footprint.
Khalili Nasr et al. (2021) developed a novel two-stage fuzzy supplier
lection model for i losed-loop supply chains (to minimize
waste by repairing, reselling, or dismantling for parts previously dis-
carded products into the value chain in order to ensure problems of
supply chain management during a pandemic. The study by Raj et al
(2022) analyzed supply chain challenges during the COVID-19
pandemic in developing countries. The conceptual framework was
developed for analysis of mitigation strategies and the Grey-Decision-
making Trial and Evaluation Laboratory method was applied for this

nomic, 1, and social devel goals. At present, a
plethora of different indicators have been proposed for use in a wide
range of areas, for different users and for different purposes. The food
supply chains involve a variety of actors, processes, and products in the
main stages which are producing raw materials, processing, distribution,
retail, and the final consumer. Sustainability should be ensured at every
stage as sustainability of a supply chain is considered as the sum of the
entire chain and does not depend on the individual stage sustainability
(Manning & Soon, 2016). Kaur and Awasthi (2018) provided a classi-
fication of barriers arising in the green supply chain processes such as
design, purchasing, production, testing and inspection, packaging,
transportation, warehousing, after sales service, and recycling and bar-
riers related to the stakehold ov-
ernment/regulatory, and NGOs). Imng et al. (2021) hlghllgh(ed the
importance of financial flows management as a key part of the supply
chain. In case of the agricultural sector, the characteristics of the sector
such as periodicity, high operational risk and high inventories leading to
greater risks should be considered.

The Sustainability Assessment in Food and Agncul(ure Sys(ems
(SAFA) is one the most a theme- or i: b

purpose. Adelodun et al. (2021) explored the policy k and
selected viable policy necessary during the COVID-19 pandemic in order

k, iled by the FAO (FAO 2013), which serves as an
effective tool for the evaluation of enterprise(s) in the supply chains. The
idelines cover four bility pillars: good governance, environ-

to reduce GHG emissions and promote a resilient and i agri-
food system devel in the post- demic area. The work by Zhu
et al. (2019) defined the main factors that drive organizations to
consider implementing green supply chain (GSC) initiatives, which is
also very important in the current health crisis. The main criteria system
to evaluate the credit ratings of agricultural SMEs for supply chain
finance (SCF) was developed by Liang et al. (2021) by taking into ac-
count challenges of world pandemics.

Kaur and Awasthi (2018) performed literature analysis on the green
supply chain barriers and propose a classification framework to priori-
tize the most impactful based on sixth different categories of barriers. In
addition, Kouhizadeh et al. (2020) performed a comprehensive over-
view of current barriers for adopting blockchain technology to manage
sustainable supply chains by applying the Decision-Making Trial and

mental mtegmy, economlc resilience, and social well-being. To carry
out the the indi are assigned to 21
themes and 58 sub-themes (Table 3).

The SAFA methodology was widely approached in practice by
scholars (Malak-Rawlikowska et al., 19; Soldi et al., 2019; Bonisoli
et al., 2019; Cammarata et al., 21). The strengths of the SAFA
framework are related to its global applicability, high credibility,
coverage of a wide spectrum of sustainability issues, guidance of par-
ticipants towards a holistic view of sustainability, ability to identify
precise measures to improve the sustainability of the system in the short
term, ability of application in synergy with other sustainability frame-
works, and its patibility with the EU ies like the “Green Deal”,
“Biodiversity 2030 and “Farm to Fork™. The main flaws underlined by
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Table 3
SAFA themes and sub-themes.
Themes Sub-themes
Good Governance
Corporate Ethics mission statement; due diligence
Accountability holistic audits; responsibility; transparency
Participation stakeholder dialogue; grievance procedures; conflict
resolution
Rule of Law remedy, and civie
responsibilty, resource appropriation
Holistic plan; full-cost
Environmental Integrity
Atmosphere greenhouse gasses; air quality
Water water withdrawal; water quality
Land soil quality, land degradation
Biodiversity ecosystem diversity; species diversity; genetic diversity
Materials and Energy material use; energy use; waste reduction and disposal
Animal Welfare animal health; freedom from stress
Economic Resilience
Investment internal investment; community investment; long-

ranging investment; profitability

stability of production; stability of supply; stability of
market; liquidity; risk management

food safety; food quality; product information

Vulnerability

Product Quality and

Information
Local Economy value creation; local procurement
Social Well-being
Decent Livelihood quality of life; capacity development; fair access to

means of production

Fair Trading Practices  responsible buyers; rights of suppliers

Labour Rights employment relations, forced labour; child labour;
freedom of association and right of bargaining
Equity non-discrimination; gender equality; support to

vulnerable people
Human Safety and workplace safety and health provisions; public health
Health

Cultural Diversity indigenous knowledge; food sovereignty
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d asetof nine i (price di
farmgate, price premium, chain value added), environmental (food
miles, carbon footprint) and social (labor to production ratio, gender
equality, bargaining power, chain evaluation) issues.

The criteria for sustainable supplier evaluation in a circular supply
chain were d through an review by Nasr
etal. (2021), including economic (quality, reputation, on-time delivery,
flexibility, technology capability, service and after sales service), cir-
cular (utilizing eco-friendly and recyclable raw materials, using recy-
clable ma(ermls in packaging products, design of products to reuse),
green systems, air

It waste
pplying proper and clean technologies,
green R&D and innovation), social (creating job opportunities, infor-
mation disclosure, occupational health and safety systems, the rights of
stakeholders, the interests and rights of employees) aspects.

Based on the Triple Bottom Line approach, Liang et al. (2021) con-
structed a set of 14 criteria to assess the agricultural sustainability of
SMEs which are capable to reflect the ﬁ.nancla] state of SMEs. The eco-
nomic (p: ility of the core ition, agricul-
tural SME baslc quahly, ablllry to absorb neganve shocks credit record),
i I policy support degree, mac-
roeconomic situation, industry prosperity index, natural environmental
ecology state, features of the agricultural goods of SMEs, organic waste
reuse capacity, ecological compensation) and social (social relationship
strength, and durability) aspects are considered for decision making.

In the context of the COVID-19 pandemic, the economic sustain-
ability issues d by SAFA indi i with
(stability of production; stability of supply; stability of market; liquidity;
risk management) and product quality and information (food safety;
food quality; product information) and social aspects (human health)
become ials. Hakovirta and Denuwara (2020) suggest the inclu-

from

Source: FAO (2013).

researchers are the high varlety of themes resulting in the excess of in-
and i

sion of human health as a fourth pillar in the overall definition of sus-
tainability, saying that human health is no longer a local or individual-

and that some indicators are not easily
(Bonisoli et al., 2019; Cammarata et al.,

Therefore, for food supply chains, the sustainability debate focuses
most on the reduction of product waste (waste occurs at all stages of the
supply chain), the number of miles a product has travelled before it
reaches the customer’s plate (food miles), the total GHG emissions
associated with the processes in the supply chain, and food quality and

security (Bloemhof & Soysal, 2017; Malak-Rawlikowska et al., 2019;
Kamble et al., 2020).
Allaoui et al. (2018) d the to design a

sustainable supply chain, where the first set of mdlca[ms was employed
initially to evaluate the partner of a supply chain and the second to select
the efficient suppliers and distributors to meet the needs of customers lo

level issue. Queiroz et al. (2020) a of
cannot be id as rapnd and supply chain managemem in the contexl of COVID-19 that covers
d by six perspectives, i.e., recovery,
2021). ripple effect, and The inability-focused ions are
rela(ed to consideration of supply chain ecosystems, viability analysis,
d supply and b ian lognsucs
Kazancoglu et al. (2022) i a of

factors in food supply chains during COVID-19. The authors determined
and classified ten main factors, i.e. driving (information sharing and
managerial approaches) and linkage (traceability, food safety and se-
curity, know-how transfer, logistics networking, risk mitigation,

P! P )

Due to the characteristics of the agricultural sector, sustainability
assessment frameworks for agricultural supply chains include indicators
related to risks, losses, waste, etc. While COVID-19 adds further

minimize the costs of the entire supply chain, idering the

to the along the entire agricultural supply chain,

environmental and social aspect. For the first stage evaluation the eco-
nomic (product price and quality, productivity, sustainability invest-
ment, training cost, output growth, added value, bl

the main challenges are related to social aspects such as people’s health
and safety, job losses, etc., which were not high on the agenda prior to

environmental (land usage, recyclahlhty, reusahlluy, use of fertilizers,
waste, water polluted material volume,
toxic substances) and social (worker satisfaction, food safety, risk of
accidents, fair trade, recruitment, safety training, social equity) aspects’.
For the second stage, the economic evaluation considered raw material,
opening/closing, producnon cost, capacity change, transponanon and
energy costs, ission tax. i bility
was d in terms of and water p whereas
social sustainability was tracked by the created job places.
Malak-Rawlikowska et al. (2019) assessed the sustainability of short
and long food supply chains based on 208 food producers using data
from seven countries: France, Hungary, Italy, Norway, Poland, the
United Kingdom, and Vietnam. Based on SAFA FAO (2013), authors

the outbreak, but are and need to be considered in sustain-
ability studies. Literature has shown that some frameworks consist of a
total of 116 indi (SAFA), although by selecting the most relevant
ones for the study, the number can be reduced to nine (Malak-Raw-
likowska et al., 2019), and the constructed framework could be more
broadly applied in practice.

7. Supply chain viability

As suggested by Li et al. (2008, 2009), the episodic event (emer-
gencies) require shifting resources and process within a particularly
short time. However, the recent COVID-19 pandemic began as a typical
episodic event and stayed around for more than two years. This poses a
question of how to transform the supply chain in response to such
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enduring emergencies. In this case, the episodic alertness and capabil-
ities need to be replaced with op and strategic ac-
tions. Therefore, the event that once was an emergency may become a
“new normal” in the future.

In this context, the concept of resilient supply chains is not sufficient
to model supply chain development in the long run. The agility approach
lacks the dimension of resistance. Each of these approaches does not
explicitly consider sustainability of supply chains. Thus, there is a need
for an overarching concept that would unify the objectives related to the
aforementioned concepts. Ivanov (2020) proposed the concept of viable
supply chains that comprises the aforementioned approaches.

Ivanov (2020) stressed that vmbnhty of supply chains relates to long-
term to the ch rather than short-term
resilience and agility. The changes in the environment may stem from
different spheres (e.g., technology, nature, society, markets) which calls
for the sustainability approach. In this context, the creation of control
and adaptation mechanisms appears to be important (Ilvanov, 2020).

Viable supply chalns are related by multiple interconnections with
the and prise a number of internal ad-
Jjustments. Accordmgly, multiple dimensions of supply chain viability
need to be considered. Ivanov (2020) suggested that process-functional
structure, organizational structure, information structure, technological
structure, and financial structure are the key of viable
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of the COVID-19 pandemic or crises of a similar extent need to take into
account the multiple stages of the agri-food supply chains. The inte-
grated approach needs to be followed in ensuring the inclusion of
multiple stakeholders from different stages of the agri-food supply
chains. This poses both theoretical and empmcal issues on the aggre-
gation of the prefé and i , the i
of the dlﬂeren! stakeholders needs to be taken into account. ll can also
vary depending on the research context (product, region, time frame).
The resilience of the agri-food supply chains indicates their ability to
withstand unexpected shocks. The agri-food supply chains were affected
by the COVID-19 pandemic in that many skilled harvestexs were unable
to embark on fieldwork due to i The viability of
farms and agricultural enterprises may be seriously dampened due to
such unexpected circumstances (Organizagao ..., 2020; Aday & Aday,
2020). Accordingly, the access to input and output markets is of crucial
importance when assessing the dynamics in the resilience of agri-food
supply chains amid the pandemic or similar shocks. Moreover, the
levels of output and profit (or productivity and profitability) are
important measures of resilience. For small economies, access to inter-
national markets is ially i Thus, ics in the volumes
of the foreign trade and market d|vers|ﬁcauon are relevant.
Wlth the growmg global demand for fresh food, the importance of
ion has also i The inability issues

supply chains. Later, Ruel et al. (2021) presented a more detailed
overview of the measures leading to the improved viability of supply
chains. Besides the structures and resources, they discussed dynamic
design capabilities, the time window dimension, and the operational
dimension.

Within a viable supply chain, not only are processes and speed

related to agn-foud production involve food safety, consumer health
requirements, information on farming practices, modes of marketing
and distribution (De & Singh, 2021; Lezoche et al., 2020; Liu et al., 2019;
Vorst, ’U()&) These concerns may be represented among the facets of the

i system for of the viability of the agri-
food supply chains. In the conventional sense, the input mtensmes and

important but also the policies towards risk-induci isi Back-up

suppliers and supplies, data analytics, smart warehousmg and
manufacturing technologies, financial reserves, and inventories are ex-
amples of decisions that may increase resilience and allow for op

qi are to be idered when i For

instance, energy inputs may create undesirable outputs such as GHG

emission. Thus, the decrease in the energy intensity may improve the
Ingbility of sedd o i

under the “new normal”. Therefore, a multi-criteria approach is essen-
tial for measuring the viability of supply chains.

In the context of agriculture, agricultural production capacity re-
mains a topical issue. Parucularly during the COVID-19 pandemic, there
have been i pti for (i 1) agri-food supply
chains. In such situations, locally produced agri-food goods saw an
increasing demand within certain regions. Therefore, additional pro-
duction capacities had to be exploited. Also, increasing networking
became topical at both international and local levels. At the mtema~
tional level, the cooperation between agricultural prod

The readiness to identify and respond to changes in market fluctu-
ations is the cornerstone of supply chain agility. In the context of the
COVID-19 demic, agri-food supply chains d major changes
in the behavior of multiple stakeholders. First, the ability to anticipate
such changes needs to be considered. Second, the adaptation of the
agricultural producers and other partners is to be analyzed. According to
Aday and Aday (2020), the COVID-19 outbreak identified four major
problems in the food industry and food supply chain: a shift in the de-
mand for a healthier diet, increased safety concerns, quarantine effects,
and inability issues. Thus. aglle supply chalns need to identify and

and wholesale/retail operators became critical. At the local level, the

“last mile” distribution was affected due to the COVID-19 restrictions.
For instance, food delivery and pick-up services became especially
important.

Ivanov (2021) presented the major instances of supply chain adap-
tation to the COVID-19 pandemic, including intertwining, scaling, sub-
stitution and re-purposing. The substitution strategy aims to involve
novel participants and procedures in supply chains. ining implies

respond to such chall, ly, the di ion of
the agri-food supply chams is also touched upon amid the issues of
agility.

The criteria related to resilience can be both relative and absolute. As
discussed above, access to the input and output markets may be
measured in terms of absolute values, whereas financial ratios or other
relatwe Indxcalurs may also represent recovery speed and extent. As for
mostly relative indicators are relevant. The

connection of multiple supply chains thus achieving synergy. Scalability
involves additional resources in the supply chain. R ing aims at

agility dimension captures the ability to measure and adjust the per-
of the supply agri-food chains and their environment. Obvi-

shifting the production/supply processes towards new objectives. Most
of these options are also valid for agricultural supply chains.

8. Towards empirical analysis

ously, this is likely to be measured in qualitative terms. Indeed, all the
criteria can be measured in qualitative terms in case expert knowledge is
exploited. Under rapidly i such an may
appear as the sole solution allowmg for timely analysis and decisions.
The changes in the aforementioned indicators can occur in different

Results of the lif survey d in the sections
indicate several issues that need to be tackled in future research. First,
the agri-food supply chains comprise multiple stages that food products
go through, from pre-production to consumption (Kamilaris et al,
2019). Agn -food supply chalns, traditionally made up of aulonomous
and i dent actors, are b ing globally i d systems
of complex relationships that affect all branches of the supply chain
(Burch & Lawrence, 2005). Thus, the measures for mitigating the effects

. This requires application of the scale that is easy to fathom
for decision makers. In general, the negative and positive values can be
used to denote the decline and growth in particular indicators. Obvi-
ously, growth in profitability is desirable, whereas a decline in energy
intensity is p d. Thus, the directions of need to be
determined for each indicator (the corresponding transformation may
be necessary depending on the methods used).
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9. Conclusions
The concept of supply chain viability is an overarching one and in-

volves supply chain resilience, sustainability, and agility. In this sense,
supply chain viability refers not only to the shon-term orientation to-
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Abstract—Disruptive events may be critical to supply chains as
they may not be viable enough to sustain the challenges. Public
support is often offered in order to increase the viability of supply
chains. This is particularly important in the context of agri-food
supply chains that are crucial for food security. This article pro-
poses a novel framework for the assessment of agri-food products’
supply chain viability during various disruptive external effects.
A proposed method is built on the complex and sophisticated
expert evaluation processing technique rvﬂned by Monte Carlo
simulation. The practical i ity of the P fr
lies in the fact that the viability of all mquw of agri-food supply
chains is being assessed separately. Thus, it can be applied to both
short and long supply chains. The method was tested by evaluating
the effects of COVID-19 and the Ukraine war on the viability of
Lithuanian agri-food supply chains. The results show that most of
the negative factors arise from increased energy consumption in
the agri-food sector. Positive effects were also observed indicating
slightly increased production outputs, which should not be directly
associated with the disruptive efﬁ‘(‘!s of COVID-19 or the Ukraine
war, but rather with the abi ian agri-food

Due to effects stemming from the global COVID-19 pan-
demic, all economic activities faced increasing volatility and
uncertainty with long-term negative effects [7]. Many business
entities in the agri-food sector experienced shortages in cash
flows, liquidity problems, and various financial risks due to
interrupted operations, sharply increased operation costs, and
vanished revenues and profits. In this case, the use of cash
preservation tax ded: and accessible credit
resources is vital.

Financial hurdles were accompanied by other problems mak-
ing business continuity problematic due to the disruption of the
main supply chains. Due to the erratic nature of the COVID-19
pandemic, firms need to assess the influence of this crisis on
their business quickly to allow them to be agile and pr
to implement necessary measures in order to adapt to rapidly
cha g economic ci This is also crucial for sup-

to maintain production activities umnu-rruplcd.

Index Terms—Agri-food supply chain, disruptive events,
multicriteria decision-making, simulation, supply chain viability.

L. INTRODUCTION

HE COVID-19 crisis and, later, the Russian invasion of
T Ukraine have invoked uanpuluI and disastrous alteration
in the business envi ent by di erations of various
supply chains, including agri-food supplv Lh.nm [ I] [2]. short-
ages of fertilizers [3] and other means of production [4] made
agricultural production more difficult. The inability of the agri-
food sector to provide some food products in sufficient quantities
(e.g., buckwheat, vegetables [5]) further threatened food secu-
rity, which is one of the sustainable development goals [6].

Manuscript reccived 4 February 2023; revised 21 April 2023, 28 Junc 2023,
and 7 July 2023; accepted 10 July 2023. This work was supported by the
European Regional Development Fund (Project 01.2.2-LMT-K-718-05-0060)
under Grant Agreement with the Research Council of Lithuania. Review of this
manuscript was arranged by Department Editor D. Ribeiro-Soriano, (Corre-
sponding author: Tomas Balezentis.)

‘The authors are with the Lithuanian Centre for Social Sciences, 03220 Vilnius,
Lithuania (e-mail: tomas.balezentis@ckvi.lt; agne.zickienc@ekvilt; artiom
volkov@ekvilt; dalia streimikiene@ekvi.lt; mangirdas.morkunas @evaf.vu.lt;
vida.dabkiene@ckvi.t; erika.ribasauskiene @ckvi. It

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/T 2023.3296276.

Digital Object Identifier 10.1109/TEM.2023.3296276

0018-9391 © 2023 IEEE. Personal use is permitted, but republic; distriby

ply chain specifically for agri-food supply chains
characterized by agricultural production and food processing,
including storage. trading, distribution, and consumption [8].

Ivanov [9] stressed that the survival and adaptation of supply
chains during extreme disruptive changes require the capabilities
of supply chains to survive or remain viable. Therefore, during
the global COVID-19 crisis and in the context of the war in
Ukraine, the most important management issue in agri-food
industries was to ensure the viability of agri-food supply chains
that are vital to ensure food supply. All these unprecedented
external turbul and their consequences on the agri-food
supply chains

forced governments to implement measures aimed
at strengthening agri-food supply chains’ resilience [10], [75],
sustainability [11], or viability [12].

The literature [1], [13], [14], [15], [16] attempted to theorize
and develop measurements of supply chain viability. However,
this is a very difficult task as supply chain viability is a multi-
dimensional and multifaceted concept, linked to organizational
structures and resources, dynamic design capabilities, and opera-
tional characteristics. The findings of numerous studies revealed
that an essential feature of supply chain management is viability
or the dynamic reconfiguration of supply chain structures in
an adaptive way to guarantee its long-term existence [13], [14],
[17], 18], [19],[20],[21]. The literature on a specific assessment
of viability-increasing measures for agri-food supply chains is
rather scarce compared to that on the viability-increasing mea-
sures in other sectors [17], [22], [23], [24], [25], [26], [27]. [28],
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[29]. [30], [31], [32], [33], [34]. This article aims to overcome
the aforementioned gap. This study offers a novel evaluation
framework allowing the negative effects of the external shocks
on the agri-food supply chains to be assessed comprehensively
from the perspective of their viability. Based on the findings of
Balezentis et al. [34], this article further develops a case study
for assessing the impacts on Lithuanian agri-food supply chains
rendered by the COVID-19 pandemic and war in Ukraine.

Quantitative frameworks are often used to model the response
to emergencies [35]. As studies often use experts and interview
them to as: the impact of supply chain disruptions on their
viability [11], [36], [37]. this article takes into account the results
of the experts’ survey and p arapid hniq
using power ordered weighted average (POWA) operator to
aggregate the experts’ opinions and Monte Carlo simulation
to obtain the weights to the criteria of the agri-food supply
chain viability. The application of this evaluation technique not
only provides additional scientific knowledge about the effects
of the significant external turbulences on the viability of the
agri-food supply chains but also enables policymakers to better
tailor support measures aimed at increasing the viability of the
agri-food supply chains and helps chain actors move toward
more resilient and equitable food systems that can withstand
future shocks.

The rest of the article is structured as follows. Section II
provides a brief overview of the prevailing theoretical streams
and sets a theoretical background for the research. Section 111
introduces the research approach. Section IV presents the main
results. Finally, Section V concludes the article.

II. LITERATURE REVIEW

A. Research Directions for the Food Supply Chain Viability
and COVID-19 Nexus

The spread of COVID-19 has disrupted food supply chains
around the world, and its effects have been the focus of research
on various food supply chains, with some researchers focusing
on one product [38], [39], [40] and others examining the re-
silience of selected groups of food [41], [42], [43], [44]. Some
researchers conducted the research within a single country [38],
[39]. [42]. [44]. but some researchers analyze the resilience of
the food supply chain on a global scale or in groups of countries
[40], [41], [45]. A short presentation of some of the previous
research on this topic follows.

Nordhagen etal. [41] dtheearlyi of COVID-19
on the operations of 367 agri-food micro, small, and medium-
sized enterprises located in 17 countries. Data collected in the
May 2020 survey revealed that 83.8% of enterprises had changed
their production as a result of the pandemic; of these, around
13% reported production shutdowns and 46% reported an impact
of significantly more than 30%. The youngest enterprises and
those with the lowest number of employees (controlling for
turnover of employees) were less likely to be affected severely.
The researchers found that there were fewer clear differences by
product/sector, but that enterprises working with dairy, vegeta-
bles, or legumes were slightly more likely to report an overall
high impact on their business.
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Gu and Wang [42] analyzed the impact of COVID-19 on 46
vegetable production of cooperatives in Shanghai. The study
revealed that the pandemic affected all stages of the vegetable
supply chain, with the greatest impact found at the marketing
stage. The market risk of vegetable production increased signif-
icantly, and the gap between field and market prices widened.
The authors found that the COVID-19 pandemic led to an overall
reduction in farmers’ incomes, with higher losses for traditional
smallholder farmers.

Aday and Aday [43] provided information on the effects of
the COVID-19 outbreak on the food supply chain. They note that
the agricultural chain can broadly be divided into two categories.
First, it covers staple products (wheat, maize, oilseeds). The
key economic feature of staple products is the high capital
investment required. The other group includes high-value-added
products (vegetables, fruits), which are labor-intensive. These
ch istics have ly led to the impact of COVID-19
on the supply chains of these products. For example, constraints
between cities, provinces, regions, and countries had a strong
negative impact on the distribution of staple products, whereas
for high-value products, labor shortages due to worker sickness
were an important factor.

The impact of COVID-19 on food supply chains in Flanders
(the northern part of Belgium) was investigated by Coopmans
etal. [44] to ascertain how the COVID-19 crisis affected farmers
from a business point of view, and second, to assess whether
farmers took advantage of the resilience capacities available
to them. The responses of the 718 respondents received in the
online survey were used in the study. The researchers targeted
actors in the supply chain in sectors such as potatoes, pork,
dairy, vegetables, and fruit, as these sectors are particularly
important in Flanders. The results showed that 61% of the
farmers surveyed had been negatively or very negatively affected
by the pandemic. 71% of the respondents reported a moderate
or very significant reduction in income. 72% of the respondents
reported lower output prices and 38% reported reduced sales
volumes. In addition, one in two farmers reported an increase
in raw material prices. This has led to more than one-third of
respondents having liquidity problems. The authors conclude
that the Flemish agri-food system was reasonably resilient. This
was ensured by the main resilience actions taken in response to
the COVID-19 crisis: safety measures: renegotiation of existing
market relationships: storage of products, preferably locally, but
with external storage capacity if necessary: unusual forms of
cooperation between competing food companies; and various
forms of government assistance for liquidity problems.

Perrin and Martin [38] investigated resilience at both the farm
and supply chain level in the case of organic milk production in
France. They found that the pandemic had zero or moderate
impact on the majority of farms: out of 86 respondents, 38
farmers experienced no impact, 43 experienced a minor impact
and only five farmers experienced a major impact. The pandemic
had a low impact on the supply chain, i.e., the production
of dairy products was sufficient to meet consumer demand.
Researchers have identified resilience factors at the farm and
supply chain levels. At the farm level, the following factors were
applied: autonomy (low dependence on feed inputs); reasonable
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profitability (same or increased turnover); social self-regulation  for hers is to identify experiences, problem areas and
(farms are not worried about workers’ absenteeism); diversity strategies used in order to respond effectively to future crises and
(new or diverse short sales channels); local i 1 (sol-  other disruptions in the food supply chain. Thus, our study will
idarity with other farms); and ivity (local cc ption),  contribute to the development of this knowledge by providing a

whereas at the supply chain level, the resilience factors applied
were autonomy (little or no scarcity of inputs); information
sharing and collaboration (with farmers, between dairies and
between dairy companies); agility (rapid product reduction);
flexibility (responding to demand in the shortest time possi-
ble): rerouting (logistics reorganization); and visibility (effective
means of monitoring the flow of milk products).

Fang et al. [39] assessed the response and resilience of the
poultry sector to the COVID-19 pandemic in Myanmar. The
data from 269 farms reflect the performance of two production
systems: broilers and layers. The results showed that chicken and
egg production were severely affected by the COVID-19 pan-
demic. More than 30% of broiler farms and 10% of layer farms
had closed by June. 42% of long-term farm workers had been laid
off, and business indicators were much more p ic than in

case study of the agri-food chain in Lithuania as a small open
economy. Another point to note is that research on food supply
chain resilience and viability in the context of another cri
the war in Ukraine, is scarce. Thus, our study empirically tests
the model by benchmarking the situation during the COVID-19
crisis and the war in Ukraine.

B. Methods Used to Assess the Impact of COVID-19 on Food
Supply Chains

Table I gives an overview of the different methods used by
researchers to assess the impact of COVID-19 on resilience,
sustainability, and agility, both in the agricultural sector and
individually in the food system, the supply chain, and the food
value chain. Assessment in the field of agriculture and food

2019. The sector was found to have experienced a V-shaped
recovery until September 2020, when Myanmar was hit by the
second wave of COVID-19. The impact of COVID-19 affected
the poultry sector differently, with broiler farms recovering faster
than laying hen farms due to a shorter production cycle. The
study also revealed that integrated layer-fish farms were more
resilient than other farms to the COVID-19 shock.

Tougeron and Hance [40] took a retrospective look at the sit-
uation ling the already dc d impact of COVID-19
on the apple sector in the EU. The authors found that the sector
did not experience direct stock and production problems and
that demand for apples remained strong as for local products
and as a substitute for tropical fruit. Additional spillover costs
for the apple sector were due to increased insurance costs,
increased packaging, social disengagement, and the need for
safety measures or equipment for workers in the orchards and
packing houses, changes in production and marketing logistics,
and transport and delivery delays. It is argued that the apple
sector may be more resilient than other fruit or other crops
due to its intrinsic features, such as long shelf life, despite the
negative effects of seasonal labor shortages and market volatility.
Researchers stress that fruit production is highly dependent on
the availability of labor, especially migrant and low-income
workers. It is therefore important to guarantee migrants’ rights
in the EU to ensure fair working and living conditions for agri-
cultural workers in apple orchards and other farming systems.

Based on the farm survey in the 15 case study areas across
Europe, Helf inetal. [45] d d an analysis to examine
the effect of COVID-19 on the agricultural system. The authors’
findings disclosed that farmers were relatively resilient to the
crisis, with only 3% saying it was the most severe crisis in their
lifetime and 7% saying it was the most severe crisis in a decade.
The study also showed that the resilience of more specialized and
intensive farms and large livestock farms was more negatively
affected by COVID-19.

In summary, food chain resilience in the context of COVID-19
has gained considerable scientifi Despite the dif-
ferences in the studies carried out, the most important point

i

pr ion is based on different methods (in the sense of both
data collection and processing). Resilience or agility of the
supply chains is usually considered. The supply chains are of
the major importance for such research.

The studies covered take different approaches. Some of them
only eval the available li . documents, case studies,
and perform analysis based on the secondary data [46], [47],
(48], [49], [50]. Others undertake data collection by online
survey, experts’ opinion, targeted interview, and their analysis
[37], [47], [51], [52], [53], [54], [55], [56], [57]. However, a
number of authors also use structural equation modeling [26],
[36], [47], [58], [59]. [60], [61] as this method allows analyzing
complex interrelationships (mediation).

It is also essential to highlight that each method or combina-
tion of methods cannot be applied in the same way in different
regions, as the different specificities and extent of impacts create
a uniqueness that researchers need to consider in order to adapt
their methodologies. In the context of crises, rapid response and
rapid decision-making are essential. Therefore, in this study, an
approach was chosen that can be described as a rapid situation
mapping of the agri-food supply chain, using targeted experts
who manage information from the upstream (farmers) of the
agricultural subsector, and who, at the same time, provide a
common position to decision-makers by triggering the evalua-
tion of expert opinion using POWA and Monte Carlo simulation
methods.

I1I. METHODS

The assessment of the impact of supply chain disruptions on
their viability requires expert knowledge as many variables are
not measurable. This is especially true when a rapid assessment
is needed. Thus, a group of experts may be invited to assess
the effects of a certain crisis. The group may not be completely
homogenous, i.e., some experts may have a different background
than others. For the present research, eight experts from the
main Lithuanian agricultural production subsectors of cereals,
horticulture, fruit and berries, dairy, poultry, beef cattle, and pigs,
represented by the association chairpersons or their appointees,
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METHODS USED FOR ANALYZING THE IMPACT OF COVID-19 ON RESILIENCE, SUSTAINABILITY, AND AGILITY IN AGRI-FOOD SUPPLY CHAINS, 2020-2022

Issues

related

1o COVID-19 Sibjess Method used References
Resilience Agriculture Online survey; telephone interview; face-  [36], [37], [38], [39]. [44]. [45]. [47], [51]. [52]. [53].
to-face interviews; experts’ opinion,
gty [54].[55], 561, 57)
Review of literature, media and policy [51]. [57]. [47), [37], [49]
documents, reports, and case studies;
online survey and logistic regression
Direct marketing Online survey and logistic regression 67
Supply chain (incl. agri-  Online survey/questionnaire; systematic [41], [42]. [46], [47]
food) literature review, bibliometric analysis,
and citation analysis
Covariance-based structural equation (61]. [47], [62], [36]
modeling
Best-Worst Method and Quality 147, [63]
Function Deployment : AHP and
Decision-Making Trial and Evaluation
Laboratory
Situation-actor-process and [64]
Ieaming-action-performance
framework
Food value chain Fuzzy Analytic Hierarchy Process 165)
and Weighted Assessment Sum Product
Assessment
Food system (incl. agri-  Online survey; expert interview [52], [53], [54]. [55]
food)
NVivo Qualitative Data Analysis Software  [53]
Sustainability  Agriculture Online survey; experts’ opinion, targeted (511, [57)
interview
Review of literature, media and policy
documents, reports, and case studies
Supply chain Literature review and analysis [46]. [59]
Smart-PLS 159]
Structural equation modeling
Online survey
Food system Ontology and epistemology, expert [66], [67], [68], [52]
review, interviews
Agility Supply chain Literature review and analysis (36}, [49], [50]
Online survey; expert review; interviews [58], [53], [68]

Smart-PLS

Structural equation modeling

(58], [59]. [60]
[58], [59]. [60]

took part in this research as experts. The processing sector
was rep d both by rep ives of the ions and
by scientific experts in the relevant product groups, with eight
experts in total. The survey was conducted between April and
July 2022. After obtaining the experts’ consent to participate by
telephone, a structured questionnaire was sent to each expert by
email. In order to avoid of the questi in
most cases the questionnaire was completed together with the
researcher.

In this context, several issues need to be considered. First,
the importance of the experts needs to be determined. In the
likely case of a heterogeneous expert group, one may naturally
opt for weighting where experts with higher competence (that is

P d by a certain i ) are d higher weights.
In such a way, one may mitigate the effects of the extreme
opinions that otherwise would distort the results. Second, the
aggregation of the opinions should be carried out according to
a specific rule. Generally, some additive aggregation may be
chosen that allows for a certain compensation of the opinions
(i.e., low values given by some experts may be cc d

for by higher values assigned by others). The multiplicative
aggregation would penalize the resulting aggregate opinion in
case extremely low values appear in the initial data.

Inlight of the considerations above, the use of the special class
of the averages—ordered weighted averages (OWA)—seems
plausible. The OWA was introduced by Yager [69]. Yager and
Kacprzyk [70] further discussed its properties and applications.
The OWA generalizes several types of means and allows weights
to be assigned to the ordered arguments or order statistics (e.g.,
expert ratings are ordered from the highest to lowest). By tuning
the parameters of functions used in the aggregation, one can
consider only the extreme values or only the middle of the range
as is the case in the trimmed mean. Each argument may be
assigned by a different weight.

Besides the impact of the extreme values, the expert assess-
ments should be concordant. There have been tests developed
for testing the concordance in ranking (e.g., Kendall’s W), yet
they do not solve the issue of discordant rankings. Furthermore,
ratings may be used instead of rankings when several alternatives

P

may be d with the same rating. Thus, the expert opinions

Authorized licensed use limited to: Vilnius University. Downloaded on July 27,2023 at 08:43:09 UTC from IEEE Xplore. Restrictions apply.



102

AUTORES PUBLIKACIU RINKINYS

This article has been accepted for inclusion in a future issue of this journal. Content is final as

with the exception of

BALEZENTIS et al.: PROBABILISTIC MODEL FOR ASSESSING THE EFFECTS OF THE DISRUPTIVE EVENTS 5

that are in concordance with the ones can be assigned

with higher weights. This can be implemented by using the
power average [71] where the so-called support function mea-
sures the distance between the arguments (e.g., expert ratings)
and uses this information to provide weights that are inflated for
values that are close to the typical ones.

The OWA and power average can be combined to ensure that
the weights are defined in the sense of the order statistic and
support functions (i.e., a measure of typical values). In this
way, the expert ratings can be aggregated by mitigating the
undesirable effect of the extreme ratings that otherwise may
impair the results. The details on the possible combinations of
the power average and other aggregation operators can be found
in[71].

The experts provide ratings that represent the effects of the
selected criteria of the viability of supply chains during crises.
The expert opinions are then aggregated by means of the POWA.
The additive utility function is applied to aggregate the ratings
and express the effect on supply chain viability by a single
number. In this way, the impact of the two crises on primary
production and processing is assessed.

For the sake of clarity let the following notations be used.
The scenarios considered are denoted by s = 1,2,...,S. Inour
case, scenarios represent the combinations of disruptive events
and stages of the supply chain. Let there be n, experts involved
for assessment of scenario s and indexed over j = 1,2, ..., Ny
The viability of the agri-food supply chain is assessed in terms
of m criteria indexed over i = 1,2,..., m. Then, the ratings
provided by the experts are denoted by ;.

The specific procedure relies on Yager [71] and, for the case
of the agri-food supply chain viability, can be defined as follows.

Step 1: The experts provide ratings z;, i =1,2,..., m,
i=12,..., ng,s=12,..., S. Note that the disruptions may
have diverse effects on the indicators representing the viability
of the agri-food supply chains. For instance, decreased demand
may negatively affect the profits, yet it may have a positive
effect on the use of renewable energy due to decreased pro-
duction intensity. Therefore, we allow the experts to use a
Likert scale with both positive and negative values where the
former indicate a suppressive effect of the crisis on a certain
indicator and the latter suggest an encouraging effect. Therefore,
Taij € {—5,—4,..., -1,0,1,...,5}.

Step 2: The expert ratings are sorted in descending order, thus
obtaining ordered vectors of the expert ratings provided for each
criterion i

Xoi = {Tai(s) : Toi(1) 2 Tai(2) 2 70+ 2 Tai(n) }
RN D e m: e=1:2505 S. (1)

Step 3: The expert opinions are aggregated by means of the
POWA operator. To do this, the support function measuring the
distance between two arguments—ordered expert ratings—is
defined as [71]

2

Sup (J‘,,,,(”..rﬁ,(k)) = Ke™ (.r,,(” - 1'\,,“.)) 2)

where K indicates the maximum value of the support function
(it is obtained when the arg are equal) and o governs

the sensitivity to the distance between the two arguments with
k=152 n,a > 0,and K € [0, 1]. Higher values of the sup-
port function indicate higher similarity of z;(;) to the remaining
arguments.

Step 4: The support function is used to calculate support for
each argument, V;(;), and the total support for a certain criterion,
TV; [71]

Tagj) = Z Sup ('ru(_ll"r-'“(")) 3)
k2

Vit = 1+ Tay) @

TVei= Y Vai- 5)
i=1

Step 5: The POWA is applied by exploiting the ordered argu-
ments and information from the support function. The aggregate
ratings are obtained as

Tyi = POWA (24i01), Tsi(2)s -

n

= Z UsjTsi(5) (6)

i=1

-'rm(u))

where u; are weights assigned to the ordered expert ratings that
are based on the support function and the basic unit monotonic
function g(-). The weights are obtained as [71]

Vaitn) Veiti-1)
"”=g(TV,, -9 v, ) (@)

Function g(-) needs to satisfy the following requirements:
9(0) =0, g(1) =1, gla) < g(b). 0 <a < b< 1. As a result,
the aggregate ratings are obtained for each criterion and scenario.

Step 6: The ratings are expressed in the same Likert scale.
Therefore, one does not need to consider the units of measure-
ment in the analysis. Still, the cost criteria in set C and benefit
criteria in set B need to be normalized into the benefit ones

3 {.’r_.‘,. i€B
Tsi =
—Zsi,

ieC
The additive utility function is used to aggregate the values
of all the criteria for each scenario. The resulting utility scores
indicate the net contribution of scenario s to the agri-food
supply chain viability

)

m

Cs = Z wiFy, s=1,2,..., S 9)
i=1

where w; are the weights of the viability criteria so that
", w; = 1. Therefore, the resulting scores show the effect of
a disruptive event on a certain supply chain stage denoted by s.

The weights of criteria can be obtained by using different tech-
niques, including expert-based elicitation, endogenous weight-
ing, or assuming equal importance of each criterion. In this
article, we use simulation to generate the weights from a uniform
distribution [72]. The methodological framework discussed in
this section is presented in Fig. 1.
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Fig. 1. Methodological framework for assessing the impact of disruptive

events on supply chain viability.

TABLE IT
CRITERIA OF THE AGRI-FOOD SUPPLY CHAIN VIABILITY

Notation Criterion Type
Cl Output value B
C2 Sales in domestic market B
3 Export value B
c4 Number of clients B
(&) Profitability B
c6 Solvency B
Cc7 Access to credit B
Cc8 Access to labor force B
9 Average salary B
cio Output loss C
(@)] Package and other waste [0
C12 Share of renewable energy B
c13 Energy consumption C

Source: Based on the survey by Balezentis ct al. [34].

IV. RESULTS AND DISCUSSION

In this article, we discuss the case of the Lithuanian agri-food
supply chain that has recently been affected by two consecutive
crises, namely the COVID-19 pandemic and the war in Ukraine.
They affected multiple dimensions of the agri-food supply chain
viability and may exhibit certain differences between them-
selves. To better understand the effects of these disruptions, we
also consider two groups of experts, namely those focusing on
production and those dealing with processing. Obviously, some
of the experts may actually be familiar with the whole supply
chain (e.g., some farmers may sell the produce directly to final

or some may be vertically integrated and
control the whole supply chain). Therefore, we consider two
disruptive events and two stages of the agri-food supply chain
that renders S = 4 in our case.

The criteria of the supply chain viability are based on the
survey by Balezentis et al. [34]. We assume that there are 13
criteria in total with ten of them being the benefit (type-B) and
three of them being the cost ones (type-C), i.e., an increase in
those criteria renders an incline or a decline in the agri-food
supply chain viability, respectively. They are outlined in Table IT.

The experts are asked to assess the impact on each of the
criteria by a certain disruptive event (namely, to consider the
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TABLE III
EXPERT RATINGS FOR CRITERIA AFFECTING THE AGRI-FOOD SUPPLY CHAIN
VIABILITY (PRIMARY PRODUCTION STAGE) IN LITHUANIA DURING THE
COVID-19 PANDEMIC, SCENARIO S1

Criterion  El  E2 E3 E4 ES E6 E7 E8
Cl 2 3 -4 2 3 -5 S -1
2 =2 3 -4 0 2 5 1 -1
c3 0 0 -3 3 2 0 3 0
c4 0 0 -1 o0 0 -3 1 0
Ccs -3 0 - 3005 2 1 -1
Cc6 2 0 0 0o -1 - -1 2
7 -1 1 0 -2 0 0 -1 -3
C8 -2 0 1 0o 2 5 2 1
9 1 2 1 0 2 1 1 1
Cc1o 0 -2 0 3 0 0 2 0
ci 0 4 2 0 0 -1 1 0
C12 0 2 5 0 0 0 3 0
C13 0 0 1 0 0 -1 2 5

TABLE IV

EXPERT RATINGS FOR CRITERIA AFFECTING THE AGRI-FOOD SUPPLY CHAIN
VIABILITY (PRIMARY PRODUCTION STAGE) IN LITHUANIA DURING
THE WAR IN UKRAINE, SCENARIO S2

Criterion E1  E2 E3 E4 E5 E6 E7 ES8
C1 2 0o -2 4 3 2 -l -1
c2 2 0 0 0 2 2 -1 -
C3 0 0o -2 3 2 -1 -1 0
c4 0 0 - 0 0 -1 =l 0
Cs -4 0 -2 4 0 30 -l -1
Cc6 0 0 0 0 0 -1 -1 1
c7 -1 1 0o 3 0 0 -2 0
c8 0 0 1 0 2 5 2 2
9 1 2 0 0 0 -1 1 1
C10 0 0 0 1 0 0 1 0
Ccil 0 3 2 0 0 -1 0 0
C12 0 0 5 0 0 0 3 0
Cl13 0 0 1 0 5 2 -l 5

COVID-19 pandemic situation in 2020-2021 and the war in
Ukraine in 2022) for a certain supply chain stage (primary
production or processing). As the four scenarios are considered,
the four decision matrices are established (see Tables ITI-VI).

For both the primary production and processing, the eight
experts (E1-E8) were consulted. In the decision matrices, the
experts provided ratings on the 1 1-point Likert scale as described
in Methods.

The obtained ratings were aggregated by using the POWA
operator. The following parameters were used: K = 1, A = 0.5,
and the basic unit ic function was dtobe g(z) =
2. The ratings provided in Tables I1I-VI were aggregated by
applying (1)—(7). Then, the ratings were normalized by means of
(9), i.e., higher values indicate higher contribution to the supply
chain viability. The resulting normalized aggregate decision
matrix is provided in Table VIL.

The results suggest that the most significant negative effect
came from energy consumption (C13). Indeed, the recent period
of 20202022 marked increasing energy prices and pressure on
production costs. The share of renewable energy (C12) tended to
increase, partially offsetting the spike in energy prices, similar
to the study by Meixner et al. [73] in which Austrian farmers
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TABLE V
EXPERT RATINGS FOR CRITERIA AFFECTING THE AGRI-FOOD SUPPLY CHAIN
VIABILITY (PROCESSING STAGE) IN LITHUANIA DURING THE COVID-19
PANDEMIC, SCENARIO S3

Criterion  EI  E2 E3 E4 ES E6 E7 E8
(] T 0 1 =2 2 0 2 0
(&) 1 0 2 2 2 0 2 0
3 1 -1 1 0 0 -1 2 0
ca 0 -1 0 0 0 o0 0 0
cs 1 -1 2 0 0 -1 2 -
6 1 -1 0 0 0 -1 0 -
c7 o -1 0 0 1 3 1 2
c8 A4 a2 3 a2 3
9 11 1 2 1 0 0
clo 0 0 0 0 3 2 0 |1
cil 110 3 4 1 2 1
ci2 0 0 0 3 1 0 1 0
ci13 00 0 0 0 4 0 1

TABLE VI

EXPERT RATINGS FOR CRITERIA AFFECTING THE AGRI-FOOD SUPPLY CHAIN
VIABILITY (PROCESSING STAGE) IN LITHUANIA DURING THE WAR
IN UKRAINE, SCENARIO S4

Criterion  E1  E2
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reported investing in solar energy. These trends were observed
for all the four scenarios considered. In accordance with other
studies, profitability (C5) also appeared as a major issue for both
producers and the processing sector in the Lithuanian agri-food
industry. Helfenstein et al. [45] found that the COVID-19 pan-
demic had different impacts on food chains in different countries.
The uneven effects of the pandemic on farms in connection with
farm specialization, management intensity and farm size, sales
channels or product features are also reported in studies [43],
[45]. [51], [73].

This is supported by the different profitability results found
in several studies. Significant reductions in production and
hence profitability due to COVID-19 were observed by Nordha-
genetal. [41], who described the situation of firms in Africa and
Asia: more than 80% of the enterprises reduced their production
levels. Gu and Wang [42] found that the income of Chinese
vegetable farmers generally decreased due to the COVID-19
pand In Flanders, Coop et al. [44] found that more
than two-thirds of farmers experienced a significant reduction in
income. In contrast to Lithuania, Perrin and Martin [38] reported
that the pandemic had a moderate impact on the income of
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Fig.2 iri f the scores of the disruption impact

on supply chain viability. Note: Scenarios are defined in Table VII.

French organic dairy farms. The mapping of cost-benefit factors
in the situation of primary agri-food and food processing supply
chains is presented in our study. Similarly, Meuwissen etal. [51]
include negative and positive factors affecting different farming
systems in several countries. Based on the analysis of the factors,
their impact is presented, with nine of the 11 COVID-19 cases
showing a minor impact.

The increasing volume of packaging and other waste (C11)
was also reported as a negative effect of the recent disruptions in
the agri-food supply chains. This result is in line with findings in
studies such as by Meuwissen et al. [51] and Meixner et al. [73].
Also, a number of positive effects were observed. For instance,
the experts reported increasing output levels (C1). Obviously,
this may not be a direct outcome of the disruptions in the
supply chain but rather indicate that the production activities
remained uninterrupted. On the other hand, Meixner et al. [73]
reveal the experience of Austrian farmers, where COVID-19
not only had a negative but also a positive impact on production,
being an impulse for innovation, e.g., increase in processing
and automation. Maren et al. [56] found that 60% of Norwegian
farmers surveyed indicated that the pandemic had no or little
effect on their farms, and none of them had experienced a
major effect. C sely, 80% of respondents reported posi-
tive effects in terms of increased demand for locally produced
food, and 40% reported increased use of new online/direct
markets.

The aggregate scores of the impact on the supply chain
viability were obtained by simulating weights from the uniform
distribution (10 000 replications) and applying (9). The resulting
empirical distributions of the aggregate scores are depicted in
Fig. 2. Obviously, the impact of the COVID-19 pandemic on the
production and processing stages (S1 and S3) of the agri-food
supply chain in Lithuania appeared to be more serious (in the
negative sense) if opposed to the effects of the war in Ukraine.
The latter event did not have an overall negative effect for
the processing sector (S4). The presented model echoes the
situation at the primary production stage (S2) [74], where the
war in Ukraine has led to a sharp increase in energy costs
(C13), fertilizer and feed prices, which have undermined farm
profitability (C5).

The rankings of the four scenarios may also vary due to the
changes in weighting (in other words, the changes in the utility
scores may not be large enough to cause qualitative changes in
the ranking). Fig. 3 presents the distribution of ranks for each
scenario (a scenario corresponds to a combination of a supply
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TABLE VII
NORMALIZED AGGREGATE EXPERT RATINGS FOR CRITERIA AFFECTING THE AGRI-FOOD SUPPLY CHAIN VIABILITY (PRIMARY PRODUCTION AND PROCESSING
STAGES) IN LITHUANIA DURING THE COVID-19 PANDEMIC AND WAR IN UKRAINE

Criteri S1-Production (COVID- S2-Production (war in S3-Processing (COVID- S4-Processing (war in
riterion 2 ;
19) Ukraine) Ukraine)

Cl 1.83 1.16 1.16 240
c2 -0.09 0.54 1.32 1.93
c3 0.15 0.03 0.72 1.76
c4 022 -0.19 -0.05 0.64
cs -1.21 -1.04 0.74 0.55
Cc6 0.03 0.18 0.09 0.50
c7 -0.06 0.09 1.26 0.62
(& -0.06 0.44 -1.36 0.50
(&) 1.42 0.95 1.18 1.62
c1o -0.88 -0.45 -0.64 0.05
ci -1.13 -0.81 -2.05 -0.49
ci2 1.17 1.08 0.87 0.81
CI13 -1.26 -1.95 -0.45 -0.25

uS|

100%

60%

40%

Relative frequency

20%
%

Rank

Fig. 3.

chain stage and a disruptive event). The production stage of
the agri-food supply chain in Lithuania reported higher loss
in viability due to the war in Ukraine (S2) if compared to
the effects of the COVID-19 pandemic (S1): the probability
of observing the lowest utility score (which corresponds to the
highest negative effect of a disruptive event) is 47% for S2 and
38% for S1. The other two scenarios, S3 and S4, relate to the
processing stage and clearly show high probabilities of obtaining
the highest ranks.

We further measure the risk of experiencing negative con-
sequences of the two disruptive events under consideration.
The simulation involved changing the weights and the resulting
distributions of the overall effects (aggregate scores ¢,) may
enter the region of the negative impact on the supply chain
viability, i.e., one may observe ¢, < (0 for some i of

mS2 =83 =S4

Scenario

Ranking of scenarios based on the utility scores derived through the Monte Carlo simulation. Note: Scenarios are defined in Table VIL

weights. Then, we calculate the conditional mean of the negative
effect. Thus, the risk is measured as the product of the probability
of observing a negative effect and the mean negative effect. The
resulting risk measures (along with descriptive statistics of the
aggregate scores) are presented in Table VIII.

The results in Table VIII once again confirm that the war
in Ukraine had much less impact on the Lithuanian agri-food
supply chain. In this case, only primary production may face
negative outcomes (risk of —0.039 points). As for the effects of
the COVID-19 pandemic, the iated risk indicated
probable losses in the supply chain viability of —0.094 points
for the primary production stage and -0.089 points for the
processing stage. Thus, the pandemic situation is likely to cause
negative effects of similar extent upon both the farmers and

prc g comp
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TABLE VIII
DESCRIPTIVE STATISTICS OF THE AGGREGATE SCORE ¢« AND
RISK MEASURES FOR THE FOUR SCENARIOS

Statistic sl s2 s3 sS4
Min. 0814 -1122 1075 0.087
15t Qu. 0162 -0.142  0.045 0.666
Median 0006 0.019 0233 0812
Mean 0015 0.006 0217 0.822
3rd Qu. 0.182 0,165 0412 0971
Max. 1057 0801 1070 1.752
P(c, <0) 0490 0.468 0.209 0.000
E(c,|c,<0) 0193 -0.189 -0.185 0.000
Risk -0.095 0089 0039 0000

Note: Scenarios are defined in Table VII.

V. CONCLUSION

This article discussed the functioning of the supply chains
amid the disruptive events with a focus on the recent COVID-19
pandemic and the Russian war in Ukraine. The theoretical and

hodological preli ies were di dby idering the
carlier literature on supply chains in general and agri-food sup-
ply chains in particular. The major methodological approaches
toward the analysis of supply chain viability were identified.

The COVID-19 pandemic has affected all domains, but on
the other hand, it has provided a unique opportunity to study
the viability of the agri-food chain. The results allowed us to
map the situation during the crisis and identify ways for food
supply actors to move toward more resilient food systems that
can withstand future shocks and disasters. This article further
contributed to the dis onthe of supply chain
viability by introducing a probabilistic model.

‘We considered the expert ratings provided on multiple criteria
describing supply chain viability. The experts were asked to
provide ratings on the Likert scale to address changes in each of
the criteria due to a disruptive event. Then, we applied the power
ordered aggregation operator to obtain the aggregate ratings with
mitigated impact of the extreme arguments. The weights of the
criteria of supply chain viability were assumed to be unknown
and, hence, the Monte Carlo simulation was applied. As a result,
the distribution of the aggregate scores was obtained. The risk
measures can be derived based on these distributions.

The proposed algorithm was applied to the case of the Lithua-
nian agri-food supply chain. The two groups of experts repre-
sented the producers and the processing sector, which have faced
effects of the two major crises, namely the COVID-19 pand

the possibilities of applying the modeling results is determining
the amount of public support needed to run agricultural risk
management funds. Also, the amounts of compensation from
the aforementioned funds can be adjusted, which would help
mitigate the negative effects of crises. The analysis can be
carried out for different subsectors offering a more nuanced
view,

Future research efforts can be directed to certain areas. Even
though the COVID-19 crisis has been contained across the globe,
the war in Ukraine is still ongoing. It will require future studies
1o take all the repercussions of such events (e.g., disruptions in
foreign trade) into account. Scaling up this study to include more
actors engaged in the agricultural supply chain and covering
the whole spectrum of the agri-food products would allow an
in-depth analysis to be carried out. Such an approach would
allow more insights to be gathered on the potential consequences
of crises, the weaknesses of actors of supply chains to be discov-
ered, and. thus, to reinforce these positions in advance through
support mechanisms. We believe that it would be of interest to
complement this study with a qualitative study, which would
provide a more detailed account of experts’ opinions, views,
thoughts, and concerns in relation to the crises under considera-
tion. The discussed multicriteria approach may be improved in
several ways from the methodological perspective. The expert
ratings could be treated as distributions and processed in this
manner. In the presented case, we aggregated all the opinions
into a single real number. The simulation could be applied to a
number of variables involved in the decision-making, including
the expert ratings. The experts could also participate in setting
the criterion weights.
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to maintain supply chain viability. It is of the utmost importance to

Sustainability
Viability
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Agri-food sector

1. Introduction

maintain functioning of agrifood supply chains as they provide essential goods for maintaining the population.
However, there is a diverse pool of possible strategies to ensure the viability of agribusiness and agrifood supply
chains. This paper seeks to identify the most relevant strategies for ensuring agrifood supply chain viability amid
disruptive events. The case of Lithuania is analysed with a focus on the sustainability of the whole agri-food
supply chain. Expert interviews involving farmers, public sector s and academia
are carried out to identify an effective policy path. i ion, diversification and

building are assessed as the candidate strategy options.

play a significant role in inducing steering actions aimed at strength-

Recent major crises (COVID-19, war in Ukraine) have stressed the
importance of the sustainable and uninterrupted supply of food. Various
approaches were undertaken to ensure food security, most aimed at
promotion of local food production in order to shorten the supply chain
(T 1y et al., 2021). The shorter the supply chain, the less suscep-
tible it is to various external perturbations (Feyaerts et al, 2020).
Indeed, few countries can be fully sufficient in food production. Due to
climatic conditions (Misra, 2014; Kogo et al., 2021), population density
(Kalantari et al., 2020; Li et 2021), soil quality (Gupta, 2019; Lal,
2020) and other issues (Romeo et al., 2020), most countries are reliant
on food supply chains of various length which typically cross state
borders.

To decrease the susceptibility of countries’ food supply to various

ening agri-food supply chains within their countries (Smith, 2008).
The role of public regulation is particularly evident within EU agri-
culture, where public support and regulations are applied to steer the
sectors in line with the objectives of bility. There is a
that measures aimed at increasing agri-food supply chains’ viability and
sustainability first of all should be directed at agriculture as it is the main
actor in agri-food supply chains (Rana et al., 2021). A list of measures
was derived and proposed as ad-hoc actions aimed at strengthening the

agricultural sector during the COVID-19 pandemic (Gruere & Brooks,
2021) and maintaining its resilience (Streimikiene et al., 2022), eco-
nomic viability (Workie et al., 2020) and sustainability (Yoshida & Yagi,
2021). The i of these still requires

Another source of criticism towards these proposed measures came from
the factthat typically these measures were aimed at solving one of the

issues and focused on a rapid short-term effect rather
than on a multifaceted approach directed at improving the overall

of the agricultural sector in the face of future challenges

external shocks some di i ion have been prop

(Mulwa & Visser, 2020; Anderzén et al., 2020). It is widely considered
that the most effective policy in o ing food i iency is the
facilitation of local production (Stein & Santini, 2022). This alone does

not provide a complete remedy for food security problems, as even na-
tional agri-food supply chains are considered vulnerable and requiring
measures to increase their viability (Apostolopoulos et ’u_’w) and
sustainability (Borsel ar & Kumar Singh, 2022) in
terms of food security. It is widely accepted that governments should

no et al., 2020; Kun
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(Morkunas & Volkov, 2023). Addressing these gaps, the paper provides
an assessment of the possible public intervention measures aimed at
increasing the long-term resilience and viability of the agricultural
sector in the context of the sustainability of the whole agri-food supply
chain.

The empirical research focuses on the case of Lithuania, where public
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support from both the national budget and EU funds was assigned to the
agricultural sector amid the COVID-19 pandemic. Indeed, this country
has been increasingly reliant on the incoming labour force from Eastern
European countries, as well as other factor inputs. The experts with
k ledge of the fi of the Li agri-food sector were
surveyed to assess the effectiveness of the strategies that could poten-
tially improve the viability of the sector. This allows us to assess the need
for implementing specific support measures in the agri-food sector
during disruptive events.

The paper is structured as follows: Section 2 presents the literature
review on the measures of agribusiness viability and measurement
thereof; Section 3 presents the methodological approach taken to iden-
tify the most relevant for the Li i sector;
Results are discussed in Section 4; Section 5 concludes.

2. Literature review
2.1. Agricultural business viability measures

Although the viability agricultural businesses has been widely
researched, there is still no ly agreed set of used for
its estimation (Spicka et al.,, 2019). However, many studies include
profitability as one of the farming business viability measu:es (Hayden

Journal of Business Research 170 (2024) 114328

benefits. Low wages or significant decreases can't ensure the sustain-
ability of the business (Prasara & Gheewala, 2021; Govindan et al.,
2021). As regards i 1 viability indi at least several
should be taken into consideration. One of the growing problems, which
became especially pressing with the onset of COVID-19, is packaging
waste (Wang & Zhu, 2020), as a lot of people switched to buying
packaged groceries online (Sharma et al., 2020). As one of the sustain-
able development goals is concerned with waste reduction and taking
into account the i strict formal i of the green
transformation and the growing concern of consumers about the sus-
tainability of the product, companies generating excess waste cannot be
considered sustainable. The same can be applied to food losses, which in
the case of COVID-19 due to border lockdown and movement re-
strictions, have been emphasised across food supply chains (Fleetwood,
2020; Cariappa et al., 2022). Therefore, changes in packaging volume as
well as in food losses are included as agricultural business viability
measures. The other two important aspects of environmental sustain-
ability, which are also related to economic resilience, especially in the
context of the war in Ukraine, are energy efficiency and the share of
renewable energy in total energy consumption. The amount of energy
used in agriculture as well as its usage hlghly lmpacts how agricultural
food systems achieve inabil bj: in an 11

friendly manner (Kodirov et al., 2020). Moreover, in order to respond to
market shocks, it is vital to create supply chains that are

et al., 2019; Coppola et al., 2020), as P cannot
merely be viable. In order to ensure farm viability, prevent supply chain
problems and manage risks effectively, it is also very important to
evaluate the solvency of the farming business, which is one of the most

ly used indi for the of farm ic viability
in general (Savickiene et al., 2016). A company that cannot meet its
long-term debts and financial obligations is at high risk of bankruptcy
and consequently raises reasonable doubts about its ability to manage its
operations into the foreseeable future. A related measure, access to
credit, is also used for farm business viability assessment, allowing to
forecast if the companies would be able to solve their financial problems
and to continue (or expand) their normal operations in case of distur-
bance. Access to credit encompasses both bank credit and trade credit
financing. The latter has been increasingly used since it not only helps
small and medium enterprises get easier access loans, but also helps to
protect the entire supply chain from the risk of bankruptey (Li et al.,
2018).

Changes in production volume/value are also used to estimate
resilience (Michler et al., 2019; Berghof et al., 2019), thus companies
with steep in ion are i as ilient and
therefore less viable. Decreased output of a company may result in
supply shortages cascading through the whole supply chain (Davis et al.,
2020), therefore changes in production value at each supply chain entity
are an important indicator of resilience and, in turn, viability of the
supply chain. To analyse more deeply the effect of both crises, as well as
viability-enhancing strategies to adapt to those crises, the changes in
value of the internal market, exports and customer base are included in
the smdy, smce diversification of clients is one the most important

indi in agri-food systems (Blesh
& Wittman, 2015; Michel-Villarreal et al., 2019; Seufert et al., 2019).

The recent COVID-19 crisis has raised the issue of access to labour
resources, which is a topical issue for the labour-intensive agri-food
sector (Schmidhuber et al., 2020; Balwinder-Singh et al, 2020).
Therefore, labour availability is included in this study as one of the
measures of farm viability. Noteworthy, the other inputs that are im-
ported may also become subject to transportation restrictions and
increasing costs.

Since agricultural business viability is defined via its resilience and
sustainability, it is important to include social and environmental in-
dicators in its measurement. The main social indicator used in the study
is employees’ wages. To retain skilled workers, especially when their
availability is limited, as was the case during the COVID-19 d

greener, as well as to reduce their carbon footprint (Fernandez-Miguel
et al., 2022), starting with agricultural businesses as a primary link of
food supply chains.

2.2. Viability-enhancing strategies of agricultural businesses

Viability in this paper refers to the ability of a company to maintain
itself and survive ina ch through various
and/or d; d from Ivanov, 2022). The
research on viability- ata P level is quite
extensive, suggesting a wide list of potential strategies, however
extensive literature review suggests four main groups of strategies to be
of particular importance: collaboration (De Roest et al., 2018; Krishnan
et al., 2021; Duong & Chong, 2020), skill and knowledge enhancement
(Xayavong et al., 2015; Shortall et al., 2018; Skrzypczynski et al., 2021;
Slijper et al., 2022), diversification (¢ 20, Sanchez et al,,
2 & Ran 22), and innovation (Farrell et al., 2021; Yuan et al.,
2019; Kusi-Sarpong et al., 2019; Theodoridis et al., 2022).

Collaboration refers to actions of working with other entities for
mutual benefit (Tukamuhabwa et al., 2015), and can range from purely
transactive to highly integrated relationships (Goffin et al., 2006). Most
efficient, however, are usually long-term collaborative relationships,
which significantly positively influence the viability of both individual
entities as well as the whole supply chain (Gabler et al., 2017; Brusset &
Teller, 2017; Duong & Chong, 2020; Jamili, van den Berg, & Koster,
2022). Collaboration smooths the sharing of knowledge and other re-
sources (such as skills, technologies, equipment, facilities, financial as-
sets, etc.) (Paul & Chowdhury, 2020), enables learning and new
knowledge generation (de Roest et al., 2()181 Jermsittiparsert & Run-
gsrisawat, 2019), as well as p creation p
(Lee, 2019; Krishnan et al., >07l) Whlch by themselves are proved to
positively influence firm and SC viability (De Roest et al., 2018; Yang &
Fan, 2016). Positive effects of collaborative actions usually materialise
through the reduction of costs, increase of product/process quality, rise
in efficiency, and effectiveness of resource use, decline of uncertainty,
better risk assessment, creation of new knowledge, as well as strength-
ening of bargaining power (Tukamuhabwa et al., 2015, Chen et al.,
2017; Cai et al., 2019; Min et al., 2019; Jamili et al., 2022). However,
precise benefits vary depending on the timing, content, completeness,
and accuracy of information shared (Yang & Fan, 2016; Meyer et al.,
2022). Collab: ion is iall in times of crises, as ar-

alvioni et al., 2

would be costly, so have to pay ble wages and other

ranging decisions with one’s partners usually enables more efficient
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mitigation of risk and of recovery p (Duong &
Chong, 2020). It should be emphasnsed however, that for the benefits of

llaboration to appear, rel. hips should be based on trust, honesty,
and commitment (Wu & Chiu, 2018; Singh et al., 2018), as the lack of
any of those three elements would not only inhibit the generation of
potential benefits, but act towards the detenaranon of lhe whole rela-

nonshlp In this study, four levels of c are

Journal of Business Research 170 (2024) 114328
social bility in driving i in supply chains. Collabora-
tion among partners and of are i as
the main enablers of an innovative supply chain (Nasr et al., 2015; Shete
et al,, 2020; Mahdad et al., 2022). On the other side, the main barriers
for the adoption of mnovauons and their wider 1mplememauon in the
supply chain (besides i are d ished as tech-

ished, namely collab 1) with other actors of the supply
cham 2) wnh other businesses ac(mg at the same market level; 3) wnh

)l I (Gupta et al., 2020) and those related to the organisation of
labour (Kabadurmus, 2020). Implementation of innovations in this
study are reflected via two ch Is: 1) Devel of ical

1 and 2
tions; and 4) within lhe entity. To analyse which elements of callabo-
ration were the most effective in the context of COVID-19 and the war in
Ukraine, the most freq cited were identi-
fied and assigned to each level.

Skills and k ledge and their are at the

progress, of business processes, use of infor-
mation systems based on real-time information and big data analysis,
the use of sensors, early warning systems and similar innovative tech-
nologies, as well as the use of digital technologies (use of blockchain
technologies, digital twins, Internet of Things, etc.); and 2) creation and

basis of a firm’s performance and its viability (\n avong et al., 2015;
Shortall et al., 2018; Skrzypczynski et al., 2021; Slijper etal., 2022). The
experience, skills, k ledge, as well as resili attitude of

and employees can be essential for the firm's successful mmgam)n of
various risks as well as its quick recovery after their i

b of product/process innovations.

Diversification is usually defined in terms of the revenue-generating
activities the farm business produces from its resources ranging from so-
called farm di (when di ion is achieved using any
farming business resources to produce income from activities outside
c i i to diversification of agricultural i

(Tukamuhabwa et al., 2017; Caputo et al., 2019a,b; Slijper et al., 2022).
Skills and knowledge (in this case focusing more on social and mana-
gerial insights) are key factors in the creation of collat ive re-

(when income is obtained from two or more agricultural products)
(ancs et al,, 2015). It is considered to be one more key strategy for

lationships with other SC entities or other stakeholders and extraction of
benefits from those collaborations (Teece, 2007; Mubarik et al., 2021;

(Kiani et 2021; Vernooy, 2022; Yin & Ran,
2022) and sustainability (Muerza , 2017; Nchanji & Lutomia, 2021;
Alletto et al,, 2022) of the farm and the whole food supply chain.

Slijper et al., 2022). Acknowledging the key role of and em-
ployees on the Vlablllty of a company, hlghly resilient and agile com-
panies usually the P! of skills and
update of k ledge of their empl; 11 funds for
this purpose, focus on staff retention and attennve recrullment of the
new ones (Yoshida & Yagi, 2021; Lin et al.,

are usually targeted at d; the i pecific k ledge of
staff huwever,,, iding emp! with resili and skills,
g their und ing and ge of the supply chain and

its resnhence can be of high importance in the face of disturbances
(Hohenstein et al., 2015; Caputo et al., 2019b). Employee training, be-
sides the improvement of skills, enables the creation of relevant resil-
ience and a prod risk culture, which is
proven to increase resilience and viability (Kumar & Anbanandam,
2019). In this study, two main measures of skills and knowledge are
used: 1) hire, i of" hly li jali and 2) p ion

Diversification of the firm's supply chains usually results in better firm
performance (Chen, 2017), as companies with more diversified supply
chains are likely to have a relatively larger customer base and earn
higher profits even during perturbations (Lin et al., 2021), while over-
reliance on one major customer or supplier at some geographical loca-
tion is seen to be high risk (Todo & Inoue, 2021). Some authors even
suggest that subsidies for supply chain diversification are the only ones
to pay off from the society perspective, theref engage-
ment in the promotion of the diversification of agricultural supply
chains should be higher (Grossman et al., 2021; He et al., 2022). Schmitt
et al. (2015) also finds that disturbances in the supply chain are better

d with i d supply diversity, however, he also argues that
in particular circumstances it may end in the negative effect of risk
pooling. Mizgier et al. (2015) also emphasise the increased risk of multi-
stage supply chain network. Li et al. (2022) argue that diversification

of regular training opp i for and i ive staff.

Innovations can range from relatlvely simple actions aimed at
increasing efficiency (Malekshahi et al, 2014) to the complete reor-
ganisation of the supply chain processes, network structures, and/or
technology (Jajja et al., 2020). It is widely acknowledged that in-
novations enhance the flexibility of the existing supply channels (Hahn,
2020) and increase the sustainability (Lapple & Thorne, 2019; Kusi-
Sarpong et al., 2019; Krishnan et al., 2021) and resilience (Kangogo
et al., 2020; Ozdemir et al., 2022) of individual organisations and their
whole supply chains. The main benefits of innovations are derived from
the market and op ional fc (Stentoft & Rajku-
mar, 2018; Relf-Eckstein et al., 2019; Javaid et al., 2022) and improved
competitive advantage of the firm (Afraz et al., 2021), as well as the
adoption of new more efficient business models (Abdelkafi & Pero,
2018). may also ps y affect a pany’s risk man-
agement capabilities (Kwak et al., 2018; Javaid et al., 2022). The main

impedes sharing, hence decreasing the potential benefits
that could be derived from a closer collaboration. Increased diversifi-
cation amplifies supply chain complexity thus making process man-
agement more difficult (Wu & Ma, 2018). In a similar vein, Whitney
et al. (2014) propose that a higher level of diversification should be
sought in times of serious supply chain disruptions, while during ordi-
nary economic conditions, a narrower network of a few main suppliers
should be maintai thus ing benefits of long-t

tion, which usually outweigh possible losses incurred during the search
of alternative supply sources in the face of crisis. Diversification may
also have negative effects on farm productivity (Kurdys-Kujawska et al,,
2021). Others propose balancing the pros and cons of diversification (He
et al., 2022; Zhu et al., 2020). The barriers to efficient supply chain
diversification include business uncertainties and particular state in-
terferences (llankoon et al., 2022), financial constraints, including
strong fluctuations in currency exchange rates (Ke et al., 2019; Xu et al.,
2022), while at the farm level the main barriers are related to lack of

drivers of innovation, but also the main barriers, are

with certain personal attitudes (Sulewski et al., 2020; Yoon et al., 2021;
2022). Others distinguish an entity’s demand compe-
tence as a key factor for its supply cham mnovanons (\I |||d.1| 2017).
Some h argue that are
closely related to the adoption of various Lean practices (Habidin et al.,

2014; Kumar & Shankar, 2022) Rd]dbl an Ta |bt>h et al. (2016) state that
the key factors of i P are from
outside the organisation. Beltagui et al. (2020) emphaslse the role of

Hansson et al.,

ge and skills, (Mortensen & Smith, 2020; Aare et al.,
202(1) Dlversnﬁcauon strategy in this study is represented by: 1) market
(i of new d services related to already
ed prod ided services, i duction of

new products/services, mlroduchon of markets related to existing ones,

introduction of completely new markets), and 2) diversification of

liers and logistics (di of distribution ch; Is, diversi-
fication of transportation methods).
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3. The case of Lithuani: R PR et PR, A T e

The efficient functioning of the food supply chain to ensure food
security was one of the main challenges for countries during the COVID-
19 pandemic. The aim of this survey was to assess the impact and
response of this crisis on primary food supply chain actors according to
the main prevailing farming practices in Lithuania, to investigate the
strategies applied to manage the situation and their impact from the
perspective of agricultural entities’/producers’ resilience.

The information concerning the viability of agricultural sub-sectors
was obtained through the key informant interviews. This methodology
is commonly used in many studies that investigate data on a wide range
of topics (for example, Allasiw et al., 2016; Emana et al., 2017; Gagnon
et al., 2023) for which it is difficult or time-consuming to gather data
through other data collectlon methods. In our study, eight ch
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in place. ies for reducing the risk of agribusi indi-
cated in the literature (Section 2.2) were used in the questionnaire. The
experts were asked to rate the impact of the COVID-19 crisis on a scale of
-5 to 5, where -5 corresponds to a decrease of a value of viability in-
dicator more than or equal to 50 %; -4 decrease from 35 to 49 %; -3
decrease from 20 to 34 %; -2 decrease from 10 to 15 %; -1 decrease to
less than 10 %, 0 no change, 1 to an increase of 10 %, 2 to an increase of
10 to 19 %, 3 to an increase of 20 to 34 %, 4 to an increase of 35 to 49 %
and 5 to an increase of over 50 %.

4. Results

Results of the expert survey showed that in mitigating the negative
1mpacl of the COVID 19 pandemic on the agricultural sector, the
ion of a di strategy can have the greatest positive

of the or their f the main
agricultural sub-sectors in Lithuania (cereals, milk, poultry, pigs, cattle,
vegetables and fruit and berries) were interviewed as key informants.
According to the Official Statistics Portal of Lithuania (OSP, 2023), these
sectors accounted for the following share of total agri output in

impact on the viability indicators of the sector. Through measures to
implement this strategy, such as diversifi of markets, iersand
logistics and others, the viability indicators of the agricultural sector are
changlng the most in a positive direction. According to experts, the
sua!egy, when |mplemennng technological progress mea-

2021: cereals — 29.1 %, milk - 13.7 %, poultry — 4.2 %, pigs - 3.6 %,
cattle - 3.5 %, vegetables - 3.3 %, and fruit and berries -0.6 %.

First, in order to interview the key informants, the chalrpersons of
the relevant agricultural i were

sures, g and ii in products and pro-
cesses, etc., is consxdered important in terms of its influence on changes
in viability indicators, reducing the negative impact of the COVID-19

d on the sector. A slightly less positive effect on

briefly introducing the study, its purpose, the researchers and asking
them to pamclpa(e in lhe smdy voluntarily and uncandmonnlly, ehher

by the or by appoi
of the association who could give an opinion on the sub-sector they
represent.

After a telephone contact and the consent to participate, the struc-
tured questionnaires were sent by email, bneﬂy ou(lmmg the descrip-
tion and objectives of the study, with an to lete the

the indicators of the viability of the sec[or in the analysed context may
be the application of ies for with olher
participants in the chain, with other i at
the same market level, cooperation within the farm, etc.) and knowledge
renewal (support of the i ions and skills of
of knowledge, etc.).
Analysis of the survey results revealed that the impact of individual
ies on specific indi of the viability of the agricultural sector

survey, and introducing the responsi Foll p emails
and/or phone calls were carried out to encourage experts to participate
in the survey. Some experts then completed the questionnaires them-
selves and some others, at their request, completed the questionnaires
during a phone interview together with the researcher at the appointed
time. Responses were collected over a period of about three months: the
questionnaires were sent to the experts from 22 April 2022 and the last
completed questionnaire was received on 18 July 2022. The selected
leaders of the agricultural producers' associations are acknowledged to
be the most appropriate experts as they are actively involved in the
activities of the sector and constantly provide an overview of the in-
ternal situation of the sector from the perspective of producers to policy
makers, which enabled us to collect good quality information in a
relatively short time frame and with a small sample of d

has an effect of varying intensities (see Fig. 1). For example, the

i! ion of the peration strategy may have the greatest
impact on the growth of the value of exports (mean scores 2.2), the
output value (mean scores 1.5) the share of renewable energy (mean
scores 1.5), and the sales in the domestic market (mean scores 1.5). At
the same time, the i of the of the
strategy did not affect the labour and ities of
and other waste.

Experts pointed out that the measures of the diversification strategy
are most likely to affect the number of clients (mean scores 2.0), the
energy consumption (mean scores 2.0), profitability (mean scores 1.7)
and solvency (mean scores 1.7). However, the implementation of this
strategy can also have negative effects: an increase in the volume of

The questionnaire was delivered by email as it was decided that this
format would be the most convenient for thc expem to complete the
both for ing the i ions and viewing
the set of questions and the choices. On the other hand, participants
could review or edit their answers before sending the final version. The
options for rating were provided as drop-down lists.
The first section of the structured questionnaire concerned general
characlensucs of an association ive, such as i in
ivities and farming/prod in years and
indicating his/her educational level. The second section assessed the
impact of the crisis on the viability of agricultural entities/producers for
the period 2020-2022. It is worth noting that the first case of COVID-19
was confirmed in Lithuania on 28 February 2020 and a nationwide
quarantine was declared on 16 March 2020. First, the aim was to assess
as accurately as possible the level of impact of the COVID-19 pandemic
on viability indicators of agricultural entities/producers; second, to
assess what i bility and agility were in place
before and during the crisis (yielding a yes/no response); and third, to
investigate the relationship between the impact of the crisis on certain
viability i and the il ility and agility

energy d (mean scores 2.0) and a reduction in access to labour
resources (mean scores —0.8).

Reducing the negative impact of the COVID 19 pandemlc on the
agricultural sector through a more i of i
strategy measures can have an impact on a wider range of agricultural
sector viability indicators. According to the experts’ assessment, the

lication of ion strategy increases the number of
customers (mean scores 2.5), the share of renewable energy used (mean
scores 2.3), the value of exports (mean scores 2.0), the value of outputs
(mean scores 1.8), and the sales in the domestic market (mean scores
1.8). On the other hand, the application of i strategy
as well as diversification, may also have negative consequences, such as
increased energy consumption (mean scores 1.8), and reduced access to
labour resources (mean scores —0.8).

The application of a strategy for upgrading knowledge can increase
the amount of renewable energy consumed (mean scores 2.0) and the
value of exports (mean scores 1.7). At the same time, however, the
application of knowledge reduces the availability of labour resources
(mean scores —1.2).

Assuming that three of the viability criteria are the cost-type, i.e., a
reduction in their values indicates an increase in the viability, the
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Fig. 1. The average scores provided by the experts reflecting the impact of resilience, sustainability and agility strategies on changes in the viability indicators of the

agricultural sector (on a scale from -5 to 5). Source: Survey of experts.

average values of the expert scores were negated for such criteria. Then,
the average values were computed for each strategy towards an increase
in resilience. The results are outlined in Fig. 2 for each sub-sector.

‘The results of the study showed that strategies to increase the resil-
ience, sustainability and mobility of the agricultural sector affect the
viability of ind 1 of the sector in different
ways. The fruit and berry sub-sector reported negative effects for all the
strategies considered. This can be related to the perception that multiple
dimensions of viability are not impacted by the strategies under
conslderanon and the resl of the effects are highly negative. The cereal

hibited meagre ibutions of the different strategies
towards its viability. Specifically, the highest mean score of 0.77 was
observed for the diversification strategy, whereas the rest of the strate-
gies showed mean scores of zero mdlcaung no effects of the corre-

The di of dertaken by the
cereal producers seems to be a natural chou:e as this sub-sector has
d rapid ion and ion in Lithuania. Indeed,

further research on these sub-sectors should be carried out to ascertain if
such results are robust with regards to the experts chosen and time
period considered.
The key to ensuring the viability of poultry farmers may be the
it of the i of the strategy, with the
mean score of 1.23, and those of the mnovation strategy, wuh mean
score of 1.31. Knowledge renewal and di: showed

relevant paths towards supply chain viability enhancement amid in-
shortage i diately when the disruptive events occur.

Such studies as Miinch and Hartmann (2023) discussed the viability
of supply chains amid disruptive events and noted that multiple per-
spectives need to be taken in order to ensure that such events do not
harm supply chains. The increasing viability may also require increasing
costs. Once again, public support may be used to partially offset these
gains in costs in case the shocks are short-term.

In this research, we paid less attention to the reconfiguration of the
supply chains explicitly. Instead, in an implicit manner, actions related
to reconfiguration were reflected by the possible changes in specific
variables related to viability. The study by Sardesai and Klingebiel
(2023) 1 for the of ion ef-
fects on supply chain viability. They can be used to extend the indicator
set used in this study. Also, the tolerance regions may be established to
identify the critical effects of disruptive events.

5. Conclusions

This paper discussed possible strategies to improve supply chain
viability in the agri-food sector during disruptive events. The case of
Lithuania was considered for empirical analysis. The expert assessment
of the impact of possible mitigation strategies for the COVID-19

posmve eﬂ'ecls as represented by the mean scores of 1.08 and 0.92,

C ion and diversi can be particu-
Iarly unponam to increase the value of finished products and sales on
the local market. Cooperation strategy can increase the value of exports,
and the i of the ies of i and

ic on the agricultural sector showed that innovation strategies
can affect the widest range of indicators identifying the viability of
agricultural supply chains. Therefore, the measures related to innova-
tion strategy are those ol’ primary interest when offering effective means
to tackle the of ptive events. Althnugh

renewal can affect the growth of profitability in the poultry sector
However, all strategies can reduce access to labour resources which can
possibly be explained by the lack of human capital for operating modern
processing units.

These findings confirm that different strategies are relevant for
different sub-sectors. Therefore, supply chain viability maintenance can
be ensured by different sets of measures in each case. For successful
operation amid disruptive events, public support may be allocated to
foster certain measures that are most effective in the light of supply
chain viability. Thus, the expert assessment based on the theory of
supply chain management may serve as a means to identify the most

the ication of i strategy i energy

the share of renewable energy used is increased due to the measures of
this strategy. Thus, multiple effects working towards different directions
of sustainability and viability goals need to be assessed.

The cooperation strategy can have a sufficiently intensive positive
impact on resilience rates of the agricultural sector and contribute to
ensuring its sustainability by reducing food loss. The diversification
strategy can have a positive effect on the growth of the resilience of the
agricultural sector, yet it also can have a negative impact on the sus-
tainability of the agricultural sector by increasing energy consumption
and reducing access to labour resources.

The lowest positive impact on ensuring the viability of the
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Fig. 2. Expert assessment of the impact of resilience, sustainability and agility strategies on changes in the viability indicators of individual subsectors in the

agricultural sector (a scale from —5 to 5 points is used). Source: Survey of experts.

agricultural sector, according to experts, may be due to the application
of a knowledge-building strategy. Such a low assessment of the knowl-
edge renewal strategy can be determined by the complexity of its
implementation influenced by the specifics of labour resources in
Lithuania, where a shortage of highly qualified specialists is felt in the
labour market relevant to agricultural sector.
The ication of resili y and mobility strategies

ion, diversification, i ion, k ledge renewal) may have

different impacts on the individual viability indicators and the overall
viability of individual of the sector. Therefore,
when policy both the negative

o

consequences of COVID-19 and the potential negative consequences of
other possible crises, it is appropriate to construct individual support
schemes and k for individual of the agricultural
sector, assessing their current viability situation in terms of their resil-
ience, sustainability and mobility. In other words, policy-making for the
development and support of the agricultural sector should increasingly
be based on a sectoral approach.
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ABSTRACT

Food ion has impacts on the , particularly in terms of water usage. Losing food
along the supply chain means that all resources, including water, used to produce that food are wasted. Through
the lens of the water footprint, this paper expands the scope of water resource assessment by looking at the blue,
green, and grey water footprints associated with food losses along the supply chain. The index decomposition
analysis (IDA) is applied to quantitatively analyze the effect of four driving factors (total area sown, crop-mix,
yield, and food loss rate) to water resources related to food losses along the agri-food chain in Lithuania for
the period 2003-2021. The analysis only considers food crop products meant specifically for human consump-
tion. The results indicate an increase in the water footprint associated with food losses along the supply chain,
rising from 100.5 million m® to 131.2 million m. This represents a 30.6% increase over the period 2003-2021,
equivalent to an average annual increase of 2.6%. The total agricultural area sown under crops and yields emerge
as the most significant factors shaping this increase. These effects were partially offset by changes in the crop-mix

and reduced loss and waste rates.

1. Introduction

Water is an important input for agricultural systems which is likely to
become a limiting factor amid an increasing demand for food (Strzepek
and Boehlert, 2010). The loss and waste of agricultural and food prod-
ucts occurs along the multiple stages of the supply chain. Indeed, de-
cisions taken at one stage may affect the others. Agricultural production
has multiple impacts on the environment. Among these, the use of re-
sources, such as land, water, and energy, is pronounced. For a wide
range of reasons, not all of the food produced is used for human con-
sumption, so some of it is lost (Neff et al,, 2018), If food is lost, all the
resources used to produce it have been wasted. FAO (2019) reported
that some 24 % of the agricultural products intended to be further used
for human consumption fail to approach the next stages in the supply
chain. This implies the waste of resources to a similar degree.

One of the most precious resources is water. Food loss and waste
results in huge wastage of water resources and represents an important
issue in the context of growing water shortage and negative impacts
from climate change (Wieben, 2016). The impact of food loss and waste
on water resources can be quantified through the water footprint, a

* Corresponding author.

concept introduced by Hoekstra in 2002 (Hoekstra, 2003). The total
volume of freshwater used directly or indirectly to produce the product
represents the water footprint of that product. There are three compo-
nents of the water footprint: blue, green, and grey. The blue water
footprint refers to the volume of surface water or groundwater that is
either evaporated or incorporated into the product. The green water
footprint refers to the volume of water from rainfall and melted snow
that is stored in the root zone of the soil and evaporated back into the
atmosphere. The grey water footprint refers to the volume of freshwater
needed to assimilate pollutants based on natural background concen-
trations and existing ambient water quality (Hoekstra et al., 2011

Hogeboom, 2020). The sum of green and blue water footprints repre-
sents the consumptive water footprint, while the grey water footprint
corresponds to the degradative water footprint (Hoekstra, 2019).

The water footprint allows one to track the volume of water needed
for agricultural production. The loss of agricultural products causes a
certain waste of water resources that can be quantified by exploiting the
water footprint. However, the earlier literature chiefly focused on

the ics in the water i iated with food loss
and waste. On the other hand, some studies looked at the water footprint
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associated with crop production. In this study, we seek to bridge these
two strands of research and look into the factors contributing to the
change in the water footprint associated with food loss and waste in the
context of crop products.

Index decomposition analysis (IDA) provides a framework for
analyzing the effects of multiple factors affecting variables related to the

environment. The IDA allows aggregating effects of the Y

Ecological Indicators 166 (2024) 112255
methods and data used for the empirical analysis are described in Sec-
tion 3. The results are presented in Section 4. Section 5 discusses the
results. Finally, conclusions are provided in Section 6.

2. Literature review

The li review focuses on studies that have estimated the

factors across various dimensions. Among multiple techniques oper-
ationalizing the IDA, one can consider the logarithmic mean Divisia
index (LMDI) as the most popular one due to its effectiveness and
residual-free decomposition. Recently, the LMDI method has been
applied in research on water consumption and its impact on water re-
sources. In the case of agriculture, most studies use this method to
quantitatively analyze the effect of various factors on crop water con-
sumption. Zhao and Chen (2014) accounted the water footprint of
Chinese i that it i from 94.1 Gm® in 1990
to 141 Gm® in 2009, with the economic activity effect being the largest
positive contributor to promoting this increase, followed by the popu-
lation effect and diet structure effect. Xu et al. (2015) calculated the total
water footprint of crop production in Beijing, China, showing that from
1978 to 2012 it experienced a decrease of 35.1 %, primarily due to rapid
urbanization. Zhao et al. (2017) quantified the green and blue water
footprint of main crops in Suzhou city, China, reporting that it showed a
decreasing trend between 2001 and 2010, with a decline in crop area
being the main factor behind this decrease, followed by the virtual water
content. Su et al. (2020) estimated the green and grey water footprints
for crop farming in Lithuania, stating that over the period of 2000-2015,
the average annual growth rate of these two water footprints was 6.3 %
and 10 %, respectively, with the scale effect related to the increase of the
areas harvested being the most important driver of this growth. Hu et al.
(2022) calculated the blue, green, and grey water footprint of crop

in13 icipalities in Heilongji , China, finding
that the total water footprint increased from 62.2 billion m® in 1998 to
101.8 billion m* in 2018, with the effective irrigated quota and crop-
planting scale for maize and rice contributing to this increase. Li and
Deng (2022) quantified the blue and green water footprint for 11 crops
in Xinjiang, China, revealing that crop water consumption increased
from 10.363 billion m* in 1989 to 37.226 billion m® in 2018, with

water footprint associated with food loss and waste in the food supply
chain. Over the last decade, a number of studies employing the water
footprint approach specifically to food loss and waste have been carried
out. Table 1 provides an overview of the main studies on the subject.
Most studies focus primarily on the blue water footprint. This is not
surprising, as it is generally accepted that blue water resources are
limited and their use might have external effects on the environment,
while green water does not contribute to environmental flows necessary

for the health of nor is it for other
human uses (Ridoutt and Pfister, 2010; Chapagain and James, 2013).
However, green water is the main source to produce food (Rockstrom
etal., 2009; Schyns et al., 2019; Liu et al., 2022) and should therefore be

included in managing water resources in an efficient and sustainable
manner (Rodrigues et al., 2014; Schyns et al., 2015). When it comes to
food loss and waste, green water rep a ial opp i
cost. If it were not used to grow food that would later be wasted, it could
be used to grow other crops that may have high both economic and
nutritional value (Chapagain and James, 2013).

There are few studies that have estimated all three components
(blue, green, and grey) of the water footprint of food loss and waste, of
which the following are probably most important: Blas et al. (2018), on
the water footprint of the diet and associated food waste of Spanish
households; Sun et al. (2018), on the impact of wastage of major food on
water resources in China; Cohim et al. (2021) on the volume of water
compromised due to food loss and waste in Brazil; Agnusdei et al.
(2022), on the water footprint of the fruit and vegetable losses occurring
within the Italian agri-food supply chain.

Studies estimating water use for food loss and waste have been
conducted at global, regional, and national levels. Kummu et al. (2012)
found that the global blue water footprint due to lost and wasted food
crops is about 174 km® per year, equivalent to about one-fourth of the

population growth and driving this -
tion. In summary, all the studies mentioned above focus on water
footprint and crop production.

To the best of our knowledge, no previous study has used the LMDI
method to investigate the quantitative contribution of driving factors to
water consumption associated with food loss and waste. The present
study therefore aims to fill this knowledge gap. Focusing on Lithuania,
the main contributions of this study include decomposing the changes in
water footprints associated with food loss and waste and examining the
effect of factors behind these changes. These are important indicators for
analysis and policy making as the contributions of specific changes in
the economic and environmental systems are captured by different
terms of the index decomposition analysis identity. Also, the structural
factor is invoked in the proposed framework. This further refines the
analysis related to the ecological processes as the “pure” contributions
by the other factors can be isolated.

This paper applies the index decomposition analysis (IDA) to
decompose the changes in the green, blue, and grey water footprints of
food loss and waste in Lithuania. The logarithmic mean Divisia index
(LMDI) is used as a tool for the IDA. In this analysis, solely the food crop

total used for global food crop production. If products of
animal origin are considered (meat and milk), the global blue water
footprint of food loss and waste is estimated at 250 km® per year (FAO,
2013). The major contributors to the blue water footprint of food loss
and waste are cereals and fruits and vegetables. In the Kummu et al.
(2012) study, these crops together account for three quarters of the total
water use for food crop losses, whereas they represent 71 % of the total
food crop losses. In the FAO (2013) study, cereals and fruits account for
70 % of the total water use for food loss and waste, whereas their
contribution to the total food loss and waste is 42 %. Chen et al. (2020)
calculated the blue water footprint embedded in average per capita per
day food waste of 151 countries. Globally, the total freshwater volume
used for food waste is 21.2 m? per capita per year. This volume varies
considerably depending on the diet and food waste habits of the popu-
lation in each country, ranging from 4.4 m® per capita per year in low-
income countries to 43.1 m® per capita per year in high-income coun-
tries. Wasted cereals are the food group with the most embedded blue
water footprint impact accounting for 45 % of the total freshwater use.

Studies at regional and national levels are more prevalent in high-
income countries. Vanham et al. (2015) estimated that the total EU

products designated for direct human ion were
The changes in the water footprints associated with food loss and waste
are dec d into the effect change in the
total area sown, the structural effect representing change in the crop-
mix, the yield effect, and food loss rate effect. The period covered is
2003-2021.

The paper is organized as follows. Section 2 presents the literature
review on the water footprint related to food loss and waste. The

food waste ges 123 kg per capita per year or 60 million
tonnes annually, of which almost 80 % is avoidable. This avoidable food
waste represents 52 km® of green water and 5 km® of blue water. The
food group with the largest water footprint of avoidable food waste is
meat, followed by cereals, cheese, and crop oils. Blas et al. (2018)
calculated that the total water footprint of Spanish household food waste
is 47.7 m® per capita per year, of which the green fraction accounts for
74 %, the blue for 14 %, and the grey for 12 %. When analyzed by food
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Table 1
Overview of studies evaluating the water footprint of food loss and waste.
Reference  Country/ Food products  Stage of food  Time Water Footprint of food loss and waste
Region supply chain period
Total Green Blue Grey
Volume  Per Volume  Per Volume  Per Volume  Per
(km®/ capita  (km*/ capita  (km?/ capita  (km?/ capita
¥ 'y Y oy m oy (m’/
cap/ cap/ cap/ cap/
yr) yr) yr) yr)
Kummu Global Cereals, fruits Al 2005-2007 - - - - 174 27 - -
etal and
(2012) vegetables,
oilseeds and
pulses, and
roots and
tubers
FAO(2013)  Global All, excluding Al 2007 - - - - 250 38 - -
fish and
seafood
Liu et al. China Grain, All 2010 - - 91.8 68.6 432 322 - -
(2013) vegetables,
and fruits
European All Consumption 1996-2005 - - 52 107 5 10 - -
Union
United States All Retail and 2010 - - 123 397 17 54 - -
consumption
(2017)
Blas et al. Spain All Household 20142015 2.095 47.7 1.555 35.4 0.292 67 0.248 56
(2018) consumption
Conrad United States All Consumption ~ 2007-2014  ~ - - - 159 499* - -
etal
(2018)
Mekonnen  United States All Retail and 2015 - - 79.2 2469 108 337 - -
and consumption
Fulton
(2018)
Spang and  United States (7 Potatoes Production 2012-2016 - - - - 0.085 - - -
Stevens  selected states -
(2018) Idaho,
‘Washington,
Wisconsin,
North Dakota,
Oregon,
Minnesota,
Maine)
Sun et al. China Plant food Consumption 2010 60502 4527 - - - - 16292 122
(2018) (cereals,
potatoes,
vegetables and
fruits) and
animal food
(pork, beef,
mutton,
poultry, and
dairy
products)
Munesue Japan All, excluding  Agricultural 2012 - - - - 0.413 32 - -
and fish and production
Masui seafood
(2019)
Chenetal.  Global All Consumption 2011 - - - - 149.2 212 - -
(2020)
Cohim Brazil Cereals, roots Al 2013 87.29 4327 8299 414 17 8.4 26 129
etal and tubers,
(2021) oilseeds and
legumes, fruits
and
vegetables,
‘meat, milk
and cggs
Agnusdei Italy Vegetables Post-harvest, 2018 0.099 1.64 0.069 114 0.017 0.28 0.013 0.22
etal and fruits handling and
(2022) storage,
processing and
packaging, and
distribution to
retail
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*The total water footprint includes blue water and green water.
“*The volume of irrigation water used to produce wasted food.

Ecological Indicators 166 (2024) 112255

Note: For studies that do not report the water footprint of food loss and waste on a per capita basis, this indicator is calculated by dividing the total volume of water

losses by the population from World Bank data.

group, meat, fish and animal fats and dairy products account for the
largest shares of the total water footprint of food waste (22 % and 19 %,
respectively). For Japan, Munesue and Masui (2019) found that in 2012,
the total blue water use due to Japanese food wastage in agricultural
production amounted to 0.413 km®. United States has the highest blue
water footprint embedded in average per capita per year (54.9 m®)
which corresponds to 2.6 times the global average (Chen et al., 2020).
Other studies that stand out in terms of contribution in a United States
context are those by Birney et al. (2017) and Mekonnen and Fulton
(2018). Birney et al. (2017) quantified that in 2010, food loss and waste
at retail and consumer levels accounted for 34 % of blue water use.
Mekonnen and Fulton (2018) assessed that in 2015, a total of 90 km®
(88 % green and 12 % blue) of water was lost due to food wastage at
retail and consumer levels.

There have been a number of studies that evaluated the impact of
food loss and waste on water resources in China. Indeed, it is a home to
around one-fifth of the world's population and requires a Iarge amounl
of food, resulting in a number of envi
water resource shortages. Liu et al. (2013) esuma(ed that in 2010, the
total water footprint (blue and green) related to food losses for grains,
vegetables and fruits accounted for 135 km®. Sun et al. (2018) found that
in the same year, 60.502 km® of water resources (blue and green water)
were lost in China as a result of food wastage in the consumption stage,
accounting for more than one-tenth of the country’s total water use. This
study also shows that food wastage has a significant impact on agri-
cultural int source p: i g in a grey water footprint of
16.292 km®.

The existing studies feature certain shortcomings that need to be

to its change over time. The general framework is depicted in Fig. 1.

3.1. Index decomposition analysis (IDA)

The IDA technique has been applied for a number of studies focusing
on energy and other areas (Xu & Ang, 2013). It is rather flexible in that
one may design a model connecting multiple variables and apply it to
any level of aggregation that the data are available for. This paper
adopts the index decomposition analysis to explain the changes in the
water footprint related to the food loss and waste.

The water footprint factor is defined per tonne of an agricultural
product (Agnusdei et al., 2022). Following Hoekstra et al. (2011), the
three types of water footprints are considered:

Fton = PR it . g o O

Fsy = Fsorion’y plocorporation @)
L

e @

where L stands for the pollutant load (in mass or volume) and cmax and
Cpat Tep: the i ble and natural i of
the pollutants respectively. The footprint factors per unit of a crop
harvest (tonne) are obtained by dividing the footprints in (1)-(3) by the
harvest, f = F/Y.

However, our focus lies on the food loss and waste rather than the
entire harvest. Therefore, the harvest and associated losses are consid-
ered simull ly to derive the water footprint of the food losses. We

dd: d to further unds ding on the water footprint d:
Specifically, most of the existing studies resorted to coefficient-| based

adjust the food losses reponed in the supply balance by considering the

analysis of the water footprints for specific crops without
the structural changes in the crop-mix. Also, the index decomposition
analysis has been neglected as an analytical tool in most instances. Thus,
we seek to extend and apply the index decomposition analysis frame-
work that involves structural component. Indeed, one may expect
structural effect to play an important role in regions with serious
changes in the crop-mix. This can be applied to the case of Lithuania
where the EU CAP payments have introduced shift towards crop
farming, in particular cereal farming.

3. Methods and data
‘The paper employs an index decomposition analysis approach which

relies on the logarithmic mean Divisia index. The data on crop output
and water footprint are combined to isolate specific factors contributing

share of di d only. We lly analyse
food crop products mlended for direct human consumption. This paper
seeks to assess the dynamics in the water footprint associated with food
loss and waste. For this purpose, the IDA is adopted. The proposed
framework comprises multiple crops and is applied in a chain-linked
manner for each consecutive two years. The data from 2003-2021 are
used.

Letindexi = 1,2.....mdenote the i-th crop. Let t be a time index. The
IDA identity needs to be specified to relate the variable of interest to its
factors. The following IDA identity is assumed for the case of the food
loss in agricultural sector:

W= Z W, = Zﬁﬂ - tea =

Ve As A ;ﬁluumA. @

where W, is the total water footprint due to the domestically produced

o Water
| Statistical | Footprint of Footprint Water Footprint
Data | Food Loss Factors Network Database
& Waste
* Grey WF
+ Green WF
LMDI + Blue WF
AteaEffect | | CropmixEffect | [VieldEffect| [ FLW Rate Effect

Fig. 1. Framework for decomposition of changes in the water footprint of food loss and waste.
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food loss in year t, W is the water footprint due to food loss for crop i in
year t, f; is the water footprint for crop i, Ly is the food loss and waste for
crop i in year t, Y}, is the yield of crop i in year t, A, is the area sown
under crop i in year t, and is the A, is the total area sown in year t. The
relative indicators can be derived from the absolute ones: l, yi, and a;
represent the effects of loss rate change, yield change, and crop mix
change, respectively. Note that the water footprints are assumed to stay
constant over time.

The static identity in (4) is then used to define the change in the total
water footprint. Thus, let 0 and T indicate the base and current period
respectively. The change in the total water footprint can be defined and
factorised as:

AW =Wy —Wy = Ar+ 81+ A, + A+ Ap (5)

Here, the four factors on the right-hand-side correspond to the terms
given in (4). One can note that A; will be zero in our setting due to the
invariant water footprint factors. The three factors — Aj. A,. A, — relate
to the intensity and structural change. Specifically, A; captures the
change in the loss rate. It is natural that the increasing food loss rate
renders higher water footprint. The increasing yields also increase the
water footprint, and this effect is captured by A,. As different crops are
associated with different yields and water footprint factors, the changes
in the crop mix may also impact the water footprint. This is gauged by
structural term A,. Lastly, other factors remaining fixed, the increase in
the total area sown renders an increase in the water footprint. This is an
extensive factor Ay,

3.2. Logarithmic mean Divisia index

The relationship in (5) needs to be processed by mathematical tools
in order to quantify the effects on its right-hand-side. The additive log-
arithmic mean Divisia index (LMDI) is applied in this paper. For details
of the method and the underlying calculations, one may refer to Ang
(2015). The LMDI assigns the percent change to the absolute change in
the dif and then di the former across the
percenr changes of the y factor These
rely on the logged growth rates ensuring such desirable properties as
time reversal and perfect decomposition, among others.

Following Ang (2015), the decomposition in (5) can be described in
the sense of the relative contributions of the explanatory terms towards
the absolute change in the aggregate variable, i.e., the water footprint.
The four terms of interest are, therefore, calculated as:

m‘ %'“(ﬁ) @)
8= 3 e in(%) =
8= (%) 2

Note that (6)-(9) define aggregation across the crops yet it can be carried
out across sub-groups of crops. The calculations can be carried out for a
certain time period and the result may also be aggregated across years.
The zero values appearing in the data are processed in lines with Ang
and Liu (2007).

3.3. Measure of the crop diversity

as it affects the
1 ion of the

C ion in the crop. rewards
crop-mix adjustment term in (&) and reflects the i
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crop diversity objectives that underpin the concept of sustainable agri-
culture. The of used in studies can be
adopted for this instance. The Herfindahl-Hirschman index is one of the

most celebrated of ion. It can be normalized (Owen
et al,, 2007) to impose the minimum and maximum bounds of zero and
unity, respectively. The lized Herfindahl h index is
calculated as follows

m 21
HHI — E'i‘,ll m 10

m

where m is the number of crops considered and w; is the share of the area
sown under the i-th crop. Then, 0 < HHI < 1 and 0 indicates a perfect
dispersion of the area sown across the crops and 1 indicates a complete
concentration under a single crop.

3.4. Data

The data on crop production were coll d from Lithuania.
The balances of agricultural products were used for the data on loss and
exports. As the agri are produced d lly for both

local consumption and expom we only consnder the food loss and waste
proportionally to the share of the domestic supply (we assume no stocks
in such calculations). The data for 2003-2021 are analysed. A total of 31
agricultural crops are covered: cereals (wheat, barley, corn, rye, oats,
buckwheat, triticale, cereal mixed grain, beans, peas, vetches, lupins,
legumes, rapeseed); vegetables (potatoes, cabbage, tomatoes, cauli-
flower, pumpkin, cucumbers, onions, garlic, carrots, beets); fruits and
berries (apples, pears, cherries, plums, strawberries, raspberries and
other berries, currants). In case some vegetables or fruits were not re-
ported on the supply balance tables, we decomposed the aggregate re-
sults by using the purchase data and FAOStat database.

To estimate the green, blue, and grey water footprinl of crop prod-
ucts, the global water footprint database dt d by Mekonnen and
Hoekstra (2011) was used. This database pmvu:les average global values
for the green, blue, and grey water footprint of crop products (measured
in cubic metres per tonne or litres per kilogram) for the period from
1996 to 2005.

The data on loss of specific crops come from the cereal, legume,
rapeseed, potato, vegetable, and fruit balances. For some crops, the loss
rates are not available based on the balance data. In such cases (to-
matoes, b carrots, beets, ies, raspberries and other
berries, currants), the estimates based on a recent study by Ficaité et al.
(2022) are used. Note that the latter estimates are assumed to be time-
invariant ones. The measures related to primary production can be

d as i for the whole supply chain.

The main ind| d above are ized in Table 2.
Among the four key variables of interest, one can note that the food loss
indicator was the only with a negative growth rate (—1.0 % per year). As
for the area sown and yield, the growth rates were 3.0 % and 3.7 % per
year, respectively. As a result, the total water footprint, including green,
grey, and blue water footprints, increased by 30.6 % over 2003-2021, or
by 2.6 % per year on average. This paper further seeks to dissect the
underlying reasons behind these changes.

The area sown under the selected crops increased from some 1.1
million ha up to almost 1.9 million ha during 2003-2021. As one can
note, the areas sown expanded during the period covered without any
backward fluctuations (at least looking at the selected years) and the
overall stochastic rate of growth was 3 % per annum. Therefore, the
water footprint of food loss and waste did not decline amid the declining
amount of food loss and waste due to increasing yields and areas sown.

The areas sown and stochastic growth rates for individual crops for
2003-2021 are exhibited in Table 3. The obtained stochastic growth
rates vary across the crops indicating that the increase in the area sown
was not even. For instance, the area sown under beans went up from 1.8
d ha in 2003 up to 77.7 thousand ha in 2021 (the annual growth
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Table 2
The main absolute indicators describing crop production and loss in Lithuania,
2003-2021.

Year Area Yield, Food loss Total water footprint
sown, 1000t andwaste,  of food loss and
1000 ha 1000 t waste, million m*
2003 11033 48570 1825 100.5
2004 1140.5 45247 1620 107.8
2005 1234.0 44093 140.1 93.7
2006 1263.3 2817.4 66.8 511
2007 13119 42533 1057 863
2008 1306.2 48868  100.0 782
2009 1426.4 53239 1161 86.6
2010 1429.0 3959.8 80.4 723
2011 1450.8 47130 1025 841
2012 1546.1 62779 1114 95.2
2013 1588.8 5832.3 §9.2 80.9
2014 1658.8 66084 1075 97.6
2015 1712.4 77103 1155 1206
2016 17912 67972 1123 116.3
2017 1770.2 68293 1104 1259
2018 1729.2 54015 743 704
2019 1810.2 67876 1083 122
2020 1866.2 84530 1352 181.9
2021 1895.4 69959 1158 131.2
Growth, % 718 440 366 306
Stochastic 30 37 -10 26
annual
growth rate,
%
Table 3
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rate of 24.8 %). Also, maize showed an increase from 2.7 thousand ha up
to 19.2 thousand ha during the same time span at the annual growth rate
of 13.4 %. Pumpkins also showed a steep growth of 21.6 % per annum in
their area sown yet the area stood at just 945 ha as of 2021.

The steepest decline in the area sown was noted for potatoes (—9.4 %
per annum). Potato area declined from 93.6 thousand ha in 2003 down
to 16.0 thousand ha in 2021. Vetches showed the annual rate of decline
of 8.2 % yet this crop occupied just 2.2 thousand ha in 2003 and 0.8
thousand ha in 2021. Cabbages and carrots posted average annual
decline rates of 6.3 % and 5.5 %, respectively. In 2021, the corre-
sponding areas sown stood at 2.02 thousand ha and 1.778 thousand ha,
respectively, compared to the values of 7.17 thousand ha and 6.448
thousand ha in 2003.

Comparing the three groups of crops one may note that the weighted
average growth rates showed different directions and magnitudes for
cereals, vegetables, and fruits and berries. Cereals showed the highest
rate of growth of 5.8 % per year, whereas vegetables posted a decline of
6.0 % per year. The horticultural products saw a mil decline of 1.6 % per
year. These changes are related to the dynamics in the gross margins

i with specific prod and priorities of the CAP

Table 3 also shows the shares of the total area sown under the
selected crops. The dynamics in these shares reflect the shifts in the
relative importance of specific crops. The three groups of crops are
considered to check if there have been more general trends in structural
change.

The results in Table 3 suggest that cereals showed an increasing share
in the crop-mix, whereas a decline was noted for vegetables and fruits
and berries. This corresponds to the trends in the absolute indicator of
the areas sown (Table 2). Note, however, that we include only selected

The average yields, loss rates, and areas sown under the selected crops in Lithuania, 2003-2021.

Crop Yield,t/  Food loss rate, % of Area sown, 1000 ha Share of area sown, %
a harvest 2003 2021 Stochastic average annual growth 2003 2021  Stochastic average annual growth
rate, % rate, %
Cereals 58 0.186
Buckwheat 0.82 1.39 16.3 50.4 50 148 266  0.046
Lupins 0.96 210 20 48 -22 018 025 0022
Vetches 1.50 239 22 08 82 020 004 -0.009
Pulses 1.82 239 82 10.1 0.1 074 053 0022
Mixed grain 1.95 1.39 143 83 44 130 044 -0.072
Peas dried 206 175 74 64.0 146 0.67 338 0.314
Oats 207 150 482 943 35 437 498 0028
Beans dried 2.24 231 18 777 248 016 410 0260
Rape 226 211 666 3149 51 604 1661 0228
Rye 235 113 50.8 264 49 542 139 0239
Triticale 298 147 78.5 76.2 0.8 712 402 0124
Barley 312 134 3083 147.0 48 2794 776  -1.305
Wheat 412 0.98 3365  950.0 66 3050 5012 1.388
Maize 5.24 0.53 27 19.2 134 024 101 0.048
Fruits and -16 -0.014
berries

Cherries 077 243 0883 1182 06 008 006 -0.004
Currants 091 810 5758 5024 -14 052 027 -0.017
Plums 1.01 243 0937 115 -06 008 006 -0.003
Raspberries 118 810 0483 1428 57 004 008  0.002
172 243 0.864 1.167 1.0 0.08 0.06 —0.002
Strawberries 271 810 14 12 -28 013 006 -0.006
Apples 414 243 22273 13119 27 202 069 -0.068
Vegetables 60 0216
Garlic 3.80 5.84 0342 0568 26 003 003  0.000
Tomatoes 6.48 320 0.495 0.268 -0.9 0.04 0.01 -0.001
Cauliflowers 675 584 0756 0211 -37 007 001 -0.002
Cucumbers 8.48 3.30 0839 0998 16 008 005 -0.001
Pumpkins 1141 5.84 0037 0945 26 000 005 0002
Onions 12.77 5.84 2266 1910 -12 021 010 -0.006
Potatoes 1423 3.44 93.6 160 94 848 084 0358
Beetroot 21.33 2010 5909 2294 34 054 012 -0015
Carrots 23.60 2010 6448 1778 -55 058 009 0019
Cabbages 28.39 5.84 717 202 -63 065 011 0023

Note: The group trends were obtained by aggregating the crop-specific growth rates and using the area sown for 2021 as the weighting factor.
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crops in the analysis. Thus, the crop structure and total area sown do not
perfectly correspond to the values reported by the national statistics.

The cereal crops showed the highest rate of the weighted average
change of 0.186 p.p. per year. Among these crops, wheat and barley
appeared as those with the highest and lowest rates of change, respec-
tively. The share of the area sown under barley declined from 27.94 % in
2003 down to just 7.74 % in 2021. As for wheat, their share remained
the largest throughout the period covered and still increased from 30.50
% up to 50.12 %. The increase in the share of the rapes is also evident
(from 6.04 % up to 16.61 %).

The horticultural products showed little change (the weighted
average was —0.014 p.p. per year). The share of area under crops in this
group was rather negligible as of 2021. The sharpest decline was
observed for apple orchards (from 2.02 % in 2003 down to 0.69 % in
2021). This may be related to reduced processing capacity in Lithuania
and increasing ition with nei il The only crop
in this group showing a slightly increasing trend was raspberries (an
increase from 0.04 % up to 0.08 % was noted).

The vegetables group posted the weighted average rate of change of
—0.216 p.p. per year. Virtually all the crops showed a decline in the
share of the area sown within this group, except garlic that increased its
share by less than a one hundredth percentage point. The most evident
change is the decline in the share of the area sown under potatoes (from
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Thus, the absolute and relative indicators related to the areas sown
under different crops fluctuated in Lithuania over 2003-2021. These
changes were driven by both internal and external factors (e.g., CAP
policy measures and changes in competitiveness). As a result, one may
expect changes in the food loss and the associated water footprint given
different crop-mix patterns. The dynamics in the food loss and water
footprints are depicted in Fig. 2.

During the period covered (2003-2021), the indicators of food loss
and water footprint showed no definite trends. Again, the two sub-
periods can be noticed. First, the indicators under consideration
remained virtually stagnant for 2003-2014. During this sub-period, the
volume of food loss in crop production declined by some 41 %. The
green and grey water footprints posted declines of 3 % and 10 %,
respectively, whereas the blue water footprint went down by 22 %.
Second, the sub-period of 2014-2021 marked an increasing volatility
and increase in some water footprints. The steepest increase was
observed for the green water footprint that increased by 31 % (compared
to 2003). The grey water footprint stood at 121 % of the initial value.
Food loss and blue water footprint remained rather stable throughout
the second sub-period and, eventually, stood at some 60 % of their initial
values, These changes will be decomposed in the rest of the paper by
means of the IDA.

The trends in Fig. 2 suggest that there has been an increase in the

8.48 % down to 0.84 %). This is an outcome of the i ing compe-
tition with the neighbouring countries (e.g., Poland).

The normalized HHI is used to capture the changes in the crop-mix
with the initial value normalized to 100 (Fig. 2). The HHI showed no
change during 2003-2008 and then tended to steadily increase over
2008-2014. The most recent sub-period of 2014-2021 marked an
increasing fluctuation with the overall upwards trend for the HHI. The
upward trend prevailing for much of the period covered suggests that
there has been a decline in the crop diversity in Lithuania. This relates to
the CAP support measures that have become increasingly coupled with
utilized agricultural area. Thus, farmers tended to opt for the most
profitable crops, and these decisions rendered a decline in crop diversity
that is d to the i 1 di ion of i
farming.

The key relative indicators, namely yields and loss rates, for the
selected crops are presented in Table 3. The yields of crops vary due to
the different regional distribution of areas sown besides natural differ-
ences. The highest rates of loss are observed for the horticultural crops
and vegetables.

| pressure related to the food loss and waste in Lithuania.
In this study, three types of water footprint are considered with different
roles and implications. The green water footprint relates to the naturally
supplied rainwater that is not scarce in Lithuania yet still needs to be
used in efficient manner. The increase in the grey water footprint can be
considered as the most serious chall, that should be add: d by
policy measures aimed at reduced use of agrochemicals. As for the food
loss and blue water footprint that relates to the irrigation water, the
situation has improved over 2003-2021.

To check the potential effect of the structural change (i.e., the
changes in the shares of area sown under different crops), we calculate
the minimum possible water footprint of food loss and waste in
Lithuania. To do this, we assume that the yields and loss rates observed
for a certain crop during a certain year are fixed. Then, we derive the
total water footprint factors per land area (hectare) of a crop during a
certain year. For sake of comparison, the smallest and second-smallest
water footprint factors expressed per land area are then identified for
each year. These are multiplied by the total area sown to find the lower
bounds of the water footprint of food loss. The results are given in Fig. 3.

=== Bluc WF ==@=CGrey WF ==@==Green WF ==#==Food loss and waste ==@==HHI
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Fig. 2. Dynamics in the food loss, HHI, and water footprints (WFs) in Lithuanian crop farming, 2003-2021 (2003 = 100). Note: HHI is based on 31 crops outlined

in Table 3.
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It is obvious that the structural changes in the crop-mix may lead to
substantially lower water footprints of food loss and waste. Thus, it is
important to embark on the analysis of the dynamics in the water
footprint taking the structural component into account.

4. Results
Decomposition of the changes in the water footprints (cf. Section 3.4)

is carried out for each period of two subsequent years (i.e., a cham-
linked analysis). The results are then in a

Ecological Indicators 166 (2024) 112255

a lower extent).

The results show that the crop structure had been playing a more
serious role prior to 2020 (compared to the most recent sub-period) in
mitigating the green water footprint associated with food loss in the
primary sector in Lithuania. The decline of such effect in the recent sub-
period indicates that the CAP support measures directed towards
coupled support of specific crops may not ensure the optimal crop-mix in
the viewpoint of the green water footprint. However, the loss rates need
to be decreased for specific crops and at the aggregate level (this is

with the crop-mix).

manner. This allows one to reduce the impacts of short-term fluctuations
upon the results. This study considers green, grey, and blue water
footprints for crop production. The meaning of the i of

To sum up, over the period 2003-2021, khe green water footprint of
food loss and waste increased by 30 million m>. This growth was driven
by i ing crop area and yields.

explanatory terms depends on the direction of change in the water
footprints. For a reduction in the water footprints of food loss and waste,

The cumulanve decomposition of the changes in the blue water
footprint of the food loss in the primary production in Lithuania is

the greater the contribution, the more si; it is;
there is an increase in the water footprints of food loss, the larger lhe
contribution, the more it warrants attention.

The cumulative decomposition of the changes in the green water
footprint is presented in Fig. 4. The two sources, viz. increasing crop area
and yields, remained the positive factors contributing to growth in the
green water footprint associated with food loss in the primary produc-
tion. The yield effect showed negative contributions during the years of
unfavourable climatic conditions, yet these occurrences remained rather
sporadic. One can observe that the crop area has been playing an
increasingly positive role as there has been a continuous increase in the
area sown. The crop structure effect remained negative, yet it followed a
U-shaped trend as the highest cumulative effects were observed for
2014-2015 and lower contribution is noted for the beginning and end of
the period covered. The loss rate also followed a U-shaped trend with the
highest contribution to the decline in the green water footprint at

in Fig. 5. The blue water footprint tended to decline
(hmughoul much of the period covered compared to the initial level of
the year 2003. Increasing yields contributed to an increasing blue water
footprint along with the area effect. However, the yield effect had a
varying impact throughout the period covered as the crop production
requiring blue water input may be seriously affected by unfavourable
climatic diti (e.g., ghts). This can be firmed by, e.g.,
looking at the number ol‘ heating degree-days for the case of Lithuania as
provided by Eurostat (2024). Over 2003-2021, the average number of
heating degree-days stood at 14 and years 2006 and 2010 marked the 19
and 57 heating degree-days respectively. the year 2021

ibited 49 heating deg ys. The ding decline in the
yield effect can be noted in Fig. 5. Note that drought is not the only
condition negatively affecting the yields. For instance, a decline in the
yield effect for 2017 can be related to the maxlmum prec:pltuﬂon over
the period covered as indicated in the stati on

around 2012-2013 and lower effects prior to this point and th
As a result, the increasing area sown implied that the green water
footprint would have increased by some 49 million m®. The yield gains
rendered an increase in the green water footprint of 7 million m®. The
adjustment in the crop-mix and decline in the loss rate and marked
declines in the green water footprint of 8 million m*® and 19 million m?,
respectively.

‘The use of the LMDI allows one to embark on the different ap-
proaches towards the decomposition of the water footprint. The crop-
wise analysis is presented in Table 4. As one can note, wheat and rape
contributed to the increasing green water use to the highest extent,
whereas barley and potatoes showed the opposite contribution (yet with

e Actual WF factor
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iled by Eurostat (2024).

The crop-wise decomposition of the change in the blue water foot-
print associated with the food loss in Lithuanian primary production
sector is presented in Table 5. As can be seen, cabbages and beetroot
contributed the most to the decrease in blue water use, while straw-
berries exhibited the opposite trend.

In summary, over the period 2003-2021, the blue water footprint of
food loss and waste decreased by 0.09 million m®. This decline was
driven by adj in the crop-mix and red: in the loss rate.

The cumulative decomposition of changes in grey water footprint
associated with food loss and waste in Lithuania is presented in Fig. 6.
The general trend is that the grey water footprint associated with food

Second-lowest WF factor

Fig. 3. Water footprints of food loss and waste assuming the actual and simulated (second-) lowest water footprint factors.
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Fig. 4. Cumulative decomposition of changes in the green water footprint of food loss and waste, 2004-2021 compared to 2003.

Table 4
Decomposition of changes in the green water footprint of food loss and waste across the selected crops over 2003-2021.
Crop WE change Relative contribution (%)
million m® % Crop area Crop structure Yields Loss rates

Cereals
Wheat 33.893 1124 399 30.1 ~4.8 347
Rape 31.328 1039 36.9 435 475 -280
Peas dried 2510 83 34.9 1257 ~205.4 144.8
Beans dried 1.976 66 43.1 303.3 867 ~159.7
Maize 0.823 27 292 57.8 -318 448
Buckwheat 0.430 14 1524 1688 -98.8 -1224
Pulses 0.272 09 104.8 53.7 -18 567
Oats 0.116 0.4 1646.0 655.7 9315 ~1270.1
Vetches ~0.033 -01 1288 ~707.1 ~1247 603.0
Lupins ~0.258 -09 48.1 43 ~20.4 -1320
Rye -0.271 -09 46.0 -869 0.2 -59.3
Mixed grain ~0.649 -22 97.3 ~1366 317 -924
Triticale -2175 -7.2 138.0 -89.4 247 -1733
Barley ~16.150 -536 50.7 -109.7 26,6 -67.6
Fruits and berries

es 0.065 106.8 283 -35.1 0.0
Strawberries 0.030 580.9 ~704.0 2231 0.0
Pears -0.013 2114 753 1511 -537.7
Plums ~0.075 472 177 -743 ~190.6
Cherries ~0.105 776 160.6 50.6 -388.8
Currants -0.551 63.5 -729 -90.6 0.0
Apples ~4302 27.0 -69.2 142 -720
Vegetables
Pumpkins 0,029 0.1 147 1285 443 11
Cucumbers 0.013 0.0 4827 ~460.1 77.4 0.0
Tomatoes ~0.041 -01 37.0 ~96.0 ~41.0 0.0
Garlie ~0.063 -02 4.0 -130 -90.1 -409
Cauliflowers ~0.236 -0.8 16.7 -87.6 -139 -15.1
Onions -039% -13 711 -1006 167 -539
Carrots -1311 -43 471 ~167.1 199 0.0
Beetroot -1.871 6.2 53.6 -170.5 169 0.0
Cabbages ~1.966 -65 26.6 -943 -113 ~211
Potatoes ~10.870 -36.0 261 -1009 -223 -29
Total 30.157 100 163.6 268 24.9 -61.7
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Fig. 5. Cumulative decomposition of changes in the blue water footprint of food loss and waste, 2004-2021 compared to 2003.

Table 5
Decomposition of changes in the blue water footprint of food loss and waste
across the selected crops over 2003-2021.

negative effect on the grey water footprint, yet 2020-2021 also marked
a reverse in this trend. All in all, crop area and loss rate effects out-
weighed the crop structure and yield effects and, as a result, the grey

water d with food loss went up by some 0.69 million

Crop WF change Relative contribution (%) m? during 2003-2021.

Change % Crop Crop Yields Loss lable 6 presents the crop-wise decomposition in the grey water

In WF, area structure rates footprint change associated with the food loss. The major sources of

:',""’“ growth in the grey water footprint associated with the food loss in the

primary production were wheat and maize. For both crops, declining

Cereals yields induced a reduction in the grey water footprint, whereas the
Buckwheat 0.001 0.8 1524 168.8 -98.8 -122.4 : N h d 1 t tributed to the i .
Malse 0.001 05 202 578 _s18 448 increasing crop share sand loss rates contributed to the increasing grey
Oats 0.000 04 16460 655.7 _0315  -1270.1 water footprint. As for rape, its area sown and yield increased, yet the
Mixed grain ~ —0.003 -3.1 973 -136.6 317 -92.4 loss rates declined.
Tf‘ﬂ‘ﬂ:d e ~0.006 -6.0 1380 -89.4 247 -173.3 The declining areas sown under barley, cabbages, beetroots, carrots
Fruits es : 3 A
Siotodls: ' o0 5 s -k 444 i and po'a'toes (:-ften assocla.(ed. with deil‘;mng Yiel(lis or loss rates)
Raspberries 0.001 07 1068 283 351 0.0 resulted in the highest contributions towards decline in the grey water
Currants ~0.006 6.6 63.5 -72.9 -90.6 0.0 footprint associated with the food loss. For some crops, the decreasing
Vegetables share in the total area sown was offset by other effects. In the case of
Cucumbers 0.000 0.1 4827 4601 77.4 0.0 bers, the i ing yields d a positive change in the grey
Tomatoes ~0.001 -06 370 -96.0 ~41.0 0.0 tr it thoush the declink hare showed
iy, ool 75 17  Zure 5% i1 water footprint even though the declining crop share showed an oppo-
Garlic ~0.002 ~21 440 130 -90.1 ~40.9 site effect.
Onions -0.012 -127 711 -100.6 -16.7 -53.9 In sum, over the period 2003-2021, the grey water footprint of food
Cabbages -0.027 -28.1 266 943 -11.3 -211 loss and waste increased by 0.69 million m®. As with the green water
Beetroot -0.046 48.8 536 -170.5 169 0.0 : ; : i :
Foml ey 3600 dodk s pi 834 footprint of food loss and waste, this growth was driven by increasing

Note: Growth rates are negated as the absolute change is negative.

loss tended to increase during 2005-2021 yet it reached positive values

only in the most recent sub-period (2015-2016 and 2019-2021). The

crop area effect remained positive throughout the whole period covered

as the i |ncreasmg area sown rendered i mcreasmg demand for the water
iated with the of the

The crop structure effect remained negative mroughout the perlod of

crop area and yields.
ln order to identify the ma_]or trends and means for alleviating the
| pressure d with food loss in Lithuanian primary
duction, we further the results. The comparison of the
chang& in the consumptive and degenerative water footprints associ-
ated with the food loss is made by considering the median contributions
by the four factors within crop group and for each of the three water
footprints. The results are presented in Table 7. The median contribu-
tions ignore the size of the area sown under specific crops and focus on

2003-2021 suggesting that the change in the crop. was b 1 to
the change in the water requirements for the dissolution of the agro-
chemicals. The yield effect became negative during 2020-2021 yet it
had been positive prior to this point. The loss rates had exerted a

the bers of crops within a certain crop group.

The differences in the contributions towards the three types of water
footprints are mostly evident for the cereal crops. They show positive or
slightly negative median structural effect due to increasing prevalence.
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Fig. 6. Cumulative decomposition of changes in the grey water footprint of food loss and waste, 20042021 compared to 2003.

Table 6
Decomposition of changes in the grey water footprint of food loss and waste
across the selected crops over 2003-2021.

Table 7
Median relative contribution (in %) to the change in the water footprints (WFs)
of food loss and waste by crop groups, 2003-2021.

Crop WE change Relative contribution (%) Crops Total Area Structure Yield Loss Rate

Change % Crop  Crop Yields  Loss Green WF

in WF, area structure rates Cereals 21 -6 -16 -64

million Fruits and berries 24 -43 -36 0

m* Vegetables 49 41 -52 0
ﬁnz‘: 1159 1686 39.9 301 48 347 ::’.:WF - ” ; -
Maize 0830 1207 292 57.8 -318 44.8 :""‘" 14 s e 12

ruits and berries 107 -73 -35 o
Rape 0088 128 36.9 435 475 -280 Vegetables e S 3 "5
Buckwheat 0.010 15 152.4 168.8 ~98.8 -1224 Total 110 _183 7 33
Oats 0002 03 16460 6557 9315 ~1270.1 Grey WF
Mixed grain ~ -0.009 1.3 973 -1366 317 -92.4 b o & 5 % 2
Triticale -0.043 63 1380 894 247 1733
Fruits and berries

Rye -0052  -7.6 460 869 0.2 -59.3 Vegerables 0 <108 . -
Barley ~0.211 306 507  ~109.7 26,6 -67.6 o e i =] o
Vegetables
Pumpkins 0003 04 147 1285 ~44.3 11
.(r::“":;“ g:m ?’; s ‘;:Z f:; z: g:g sets of crops that are relevant for each type of water footprint are
Garlic ~0.006 —09 440  -130 —90.1 —409 evident. Therefore, adjustments in the crop-mix may also be associated
Cauliflowers  —0.023 -33 167  -876 -139 -15.1 with specific types of water footprint.
Onions -0.037  -54 711 1006 ~16.7 -53.9
Cabbages ~0.173 251 266  -94.3 -11.3 211 . )
Betroot ~0208  -302 536 -1705 169 00 S. Discussion
Carrots -0.280 -40.7 471 1671 199 0.0
Potatoes ~0.361 ~52.4 261 -1009 -223 -2.9 The water footprint of food loss and waste accounted for some 1.5 %
Total 0688 100 2055 1223 -38.3 55.2

For grey water footprint, the median and mean relative contributions
diverge in the case of the loss rate effect. This suggests that the major
crops (e.g., wheat) showed an increasing loss rate which caused an
overall increase in the grey water footprint, yet the same effect was not
observed for the majority of the other crops. Also, the differences in the

of the water footprint associated with the total agricultural production
(crop production for domestic use) in Lithuania (Table 8). This share
declined over time, yet this trend was reversed in 2014. The water

factor with the | production increased
from 859.2 m*/t down to 1387.8 m*/t with the average value of 1236.3
m?/t for 2003-2021. Therefore, the water footprint per tonne of pro-
duction went up and the share of the water footprint associated with
food loss and waste declined to a certain extent. Still, further progress is
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Table 8
Water footprints of food loss and waste and total agricultural output in
Lithuania, 2003-2021.

Year  Crop Water Water Water Water
output, footprint of footprint footprint of footprint
thousand total of food food loss and factor,
tonnes agricultural  loss and waste to water  m/t

production, waste, footprint of
million m* million m®  agricultural
production, %

1. 2. 3. 4. 5. = 4./3. 6.=3./2.

2003 4694.4 4033.3 100.5 25 859.2

2004 44207 4381.4 107.8 25 991.1

2005 42305 4341.1 937 22 1026.1

2006  2657.3 2891.9 511 18 1088.3

2007 41417 4765.5 86.3 18 1150.6

2008 47341 5301.0 782 15 1197

2009  5165.3 5936.6 86.6 15 11493

2010 38446 47431 723 15 12337

2011 45731 5602.6 84.1 15 12251

2012 61108 7707.7 95.2 12 1261.3

2013 5666.8 7408.7 80.9 11 1307.4

2014 63345 8202.5 97.6 12 12949

2015 7166.9 9251.3 120.6 13 1290.8

2016  6080.5 7897.5 116.3 15 1298.8

2017 6022.3 8093.1 125.9 16 13438

2018 4916.1 6567.3 704 11 13359

2019 6439.6 8558.5 122 13 1329.0

2020 7987.5 10986.0 181.9 17 1375.4

2021  6659.6 9242.3 131.2 14 1387.8

Total 1018464 1259113 1892.8 15 1236.3
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switching to per capita terms. Based on the population data for
Lithuania, the results reported in the preceding section are translated
into per capita water footprints (Table 9).

Compared with results in Table 1, the water footprints per capita in
Table 9 can be considered as reasonable ones. The total value of 33.2
m*/capita/year is lower than 47.7 m*/capita/year obtained for Spanish
households (Blas et al, 2018) or 45.2 m®/capita/year obtained for
China's case (Sun et al., 2018). In this study, production (and loss)
oriented towards export was excluded for the analysis which may
explain differences from the Brazilian case (Cohim et al., 2021). Green
WF factor rendered by this study is similar to that obtained for Spanish
households (Blas et al., 2018). Again, the differences in the scope of the
study may explain the deviations from the other results in Table 1.

The linear trends were fitted to obtain the annual rates of change in
the (cumulative) components of the IDA identity, i.e., changes in the
water footprint due to food loss and waste. These trend coefficients are
natural estil of the future 1 in the water footprint if no
specific actions are taken to change the course of action. The trend co-
efficient for the annual change in the water footprint shows if contri-
bution of a certain factor is likely to persist over time. The coefficient for
the change i if the contribution changes
its magnitude. The results are summarized in Table 10,

In most cases, the trends for the annual and cumulative contributions
to specific terms of the IDA identity show opposite signs. It means that
the cumulative contributions continue to follow a certain path yet with a
declining velocity. The blue water footprint exhibits a negative trend for
the ive change and, thus, the signs are reversed for the relative

Note: Crops enumerated in Table 3 are covered.

needed to curb the water footprint associated with food waste and loss.

As the paper discussed the contribution of the structural change
(measured by changes in crop-mix as described by the areas sown under
different crops), it is important to check the relationship between the
change in the areas sown and water footprint factors. As Fig. 7 suggests,
most of the crops with substantial shares of area sown and positive
growth rates showed water footprints that were higher than the average
footprint factor of 1236.3 m*/t. Such crops include wheat, oats, rape,
and maize.

‘The water footprints related to food loss and waste obtained in this
study can be compared to those reported in earlier literature by
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Fig. 7. Changes in areas sown and water footprint factors, 2003-2021.
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trends of the four terms in the IDA identity.

The trends obtained from the historical data imply that the annual
contribution of the yield effect has been declining yet it remained pos-
itive. Thus, the cumulative contribution kept increasing for the three

Table 9
The average water footprints associated with food loss and waste per capita in
Lithuania, 2003-2021.

Indicator Blue WF Grey EF

0.91
28

Green WF Total

0.06
0.2

Level, m*/capita/year
Structure, %

32.24
97.1

3321
100.0

6000

5000

4000

3000

2000

Maize WE——

Lupingm @
Buckwheat m—

TOTAL ==
Oats

Rape
Mixed groms &

Applcum
Plufhs |

Currantss

Bavipm
Peas died E—

Water footprint factor, m3/t

Wheat m———

Cherries §

1000

Water footprint factor, m3/t

Note: Stochastic rates of growth are given (Table 3); crops are arranged in ascending order of their water footprint factors (green, blue, and grey water foot-

prints combined).
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Table 10
Linear trends for the (cumulative) contributions to changes in water footprints
(1000 m?).

Type Area Structure Yields Loss rates Total

Green WF

Annual 96.57 221.36 64.59 533.33 593.53
~16 % 37% ~11% 90 %

Cumulative ~ 2570.97 ~619.94 1751.93 ~425.56 3277.40
78 % -19% 53% -13%

Grey WF

Annual ~3.44 16.10 -3.35 33.03 42.34
—~8% 38 % 8% 78 %

Cumulative ~ 73.89 ~11.38 2431 -1225 74.57
99 % 15% 3% 16 %

Blue WF

Annual ~0.44 1.01 0.27 0.06 0.90
—49 % 112% 30 % 6%

Cumulative 534 -9.13 1.56 1.80 -4.03
-133 % 227 % ~39% 45 %

WFs. The same pattern was observed for the yield effect. Thus, the
increasing areas sown and yields have been in effect yet their impact is
likely to be reduced over time as the natural limits are approached.
Further i ions in the agri ices may allow to further
boost the yields, which, in turn, may affect the growth in the WFs.
The results showed that the areas sown under wheat and rape in-
crease by some 6.6 % and 5.1 % respectively (Table 3) even though those
crops already occupy more than 66 % of the area sown under the crops
considered in this study (Table 3). This trend may further drive the
growth in the green and grey water footprints as shown in Table 10.
Meanwhile, the blue water footprint may decline if crops requiring
watering systems become less popular in comparison with the cereals.
Further studies are needed to stimulate different scenarios of possible
patterns of substitution among crops and the resulting water footprints.

6. Conclusions

The study identified the environmental impacts of food losses on the
sustainability of food systems. Specifically, the study considered the
environmental impact of food losses in the crop sector, which dominates
Lithuani: icul! The study developed a model combining the
index decomposition analysis (IDA), logarithmic mean analysis (LMDI),
and the of crop diversity using the Herfindahl-Hi
index, which can also be used to assess the environmental impact of food
losses in the crop sector.

The results of the study show that food losses from crop production
during the period 2003-2021 rendered increases in the green and grey
water footprints during the same period. The growth in the green water
footprint was due to changes in the area used for crop production and in
production intensity. Even though crop area also played a similar effect
for the blue water footprint, it declined over the period covered. As for
the grey water footprint that represents degenerative water use, the
yield effect was also negative. Over 2003-2021, the green water foot-
print of food waste and loss went up by 30 million m* in Lithuania. The
loss rates (compared to yields) declined in general as suggested by the
negative contribution of 8 million m* by the corresponding term. As for
the blue water footprint of food loss and waste, a drop of 95 thousand m*
was noted with reduction due to the declining loss rates of 32 thousand
m®. Turning to the grey water footprint of food loss and waste in
Lithuania, the increase of 690 thousand m® was observed with a positive
contribution of the food loss rate change (380 thousand m®). Thus, the
observed effects may differ across different types of water footprint due
to specific crops that are relevant for a particular water footprint type.

The HHI index showed that, since 2008, the expansion of crop pro-
duction in Lithuania went along with a reduction in biodiversity. The
results showed that the cereal crops were mostly responsible for growth
in the water footprints of food loss and waste. In the case of the green
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water footprint of food loss and waste, wheat and rape showed the
highest contributions to its growth. As for the grey water footprint,
wheat and maize appeared as the major contributors. It is likely that the
increase in crop concentration in Lithuania, which started in 2008, was
also due to the implementation of the European Union Common Agri-
cultural Policy (CAP) support policies. Income support for farmers was
provided through direct payments per unit of crop area, the size of
which and the iling market diti infl d farmers’ de-
cisions to choose the most economically advantageous crops: cereals and
oilseed rape. This farming scenario, which has been adopted by the vast
majority of farms, especially those with large areas of agricultural land,
has begun to have an increasingly negative impact on biodiversity and
thus on the bility of farming ies. The results of the study
may be useful for decision-makers as they show that, in addition to
theories of competitiveness and social justice, it would be appropriate to
draw on the theory of nature use when modelling the CAP of the future
and when basing the levels of direct payments and measuring their
impact on sustainability, where, in addition to the other aspects of
impact, the assessments would also pay particular attention to the po-
tential di dation of soils, the ion of waterr , and the loss
of biodiversity, amongst other aspects of impact.

The results also suggest that the water footprint related to food loss
and waste is impacted by long term development of the agricultural
system. Considering the case of Lithuania, the increasing area sown and
yields played an important role. However, a closer look at the under-
lying trends suggested that these effects are likely to reduce in the me-
dium or long run due to natural boundaries. Thus, the policies dealing
with food loss and waste need to take into account the stage of the
development of a food system to properly address the challenges that are
topical at a specific point of time.

It should be noted that the survey encountered some limitations in
obtaining data on food losses per crop. Therefore, different sources of
data were used to determine the amount of food losses required for the
study: the official statistics portal of the Lithuanian State Data Agency,
which provides data on the area, yield and production balances of in-
dividual agricultural crops, as well as the results of research on food
losses in the Lithuanian agricultural sector. This shows that the data
needed to assess food losses and their impact for research purposes are
not yet sufficient.

The results of the study also inspire additional research that could
help the debate on improving the direct payment system, such as the
possibility of not paying direct payments every year, but only when
farmers need to manage the risks arising from crises in the food supply
chains and, of course, the risks arising from climate change, and, to this
end, the creation of a risk management fund. For the sustainability of
food systems, future research could seek to assess the impact of direct
payments as an income support instrument on farmers' choice of agri-
cultural specialization scenarios and the impact of these scenarios on the
sustainability of food systems.
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Summary in English

Introduction

Problem formulation

The food system is usually perceived as a network of actors and activities that interact
with each other in the ecological, social, political, cultural, and economic environment.
Activities include the cultivation, processing, distribution, consumption, and disposal of
food products, from the supply of raw materials to waste and processing (Ericksen, 2008;
Mooney, 2021). In addition to those directly involved in this activity, food systems also
include structural conditions (e.g., rules, standards, and policies) and specific actors (e.g.,
public and private organizations, entities, etc.) that support day-to-day operations and con-
tinuous system optimization and innovation (Mooney, 2021). The multifaceted interaction
of actors, activities, and structural conditions leads to different configurations of food sys-
tems, which can be associated with many coexisting production/consumption paradigms
and values (Lamine, 2015; Lang & Heasman, 2015; Plumecocq et al., 2018). The config-
uration of the food system influences its functioning by following the three objectives of
the food system, e.g., food and nutrition, environmental security, and social well-being
(Ingram, 2011). Many sources of scientific literature argue that changes in the sustaina-
bility of the food system are necessary to move from the industrial paradigm-based con-
figuration of the food system to its alternative configuration, which is based on the prin-
ciples of sustainable production and rural development (Loring et al., 2024; Ralhan, 2024;
Bruckmeier, 2024; Bene & Abdulai, 2024; Soergel et al., 2024; Brunori et al., 2024; Ed-
wards, Sonnino, Cifuentes, 2024; Camillis & McAllister, 2024; Igbal et al., 2024; Kraak
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& Niewolny, 2024; Bansal, Lakra, Pathak, 2023; Trigo et al., 2023; Sonnino, 2023; Eli-
asson etal., 2022; Viana etal., 2022; lazzi etal., 2022; Arslan etal., 2021; Ruben
etal., 2021; Rajic et al., 2021; Glover ir Sumberg, 2020; Lawrence et al., 2019; Hubeau
etal., 2017).

The sustainable development problems of the food system are often dealt with sepa-
rately, considering economic, social, and environmental aspects. Such access to assess-
ment is, on the one hand, simple and convenient enough, but not universal, and allows for
a systematic and comparable analysis of the problems of the development of food systems
from the point of view of sustainability and at different levels of management. There is no
consensus on how to quantify the sustainability of the food system. An integrated assess-
ment of the food system’s sustainability would also make it possible to increase the effec-
tiveness of public support.

Relevance of the dissertation

The food system significantly impacts the environment, health, and food safety, so im-
proving the sustainability of the food system is one of the European Union’s priorities.
The European Union’s strategy for a sustainable food system aims to protect the environ-
ment, biodiversity, farmers, and human health. The aim is to enable the transition to a
sustainable food system that ensures food security and access to healthy products from the
planet’s healthy resources. This will help reduce the impact of the European Union’s food
system on the environment and climate and strengthen its resilience, thus protecting the
health of citizens and the livelihoods of economic operators.

The European Union’s Rural Areas Pact outlines the ambitions for implementing the
Long-Term Vision for Rural Areas by 2040. In this context, ensuring a sustainable food
system is crucial for ensuring food security. Aiming to achieve the objectives of the Green
Deal, it is important to make the food system inclusive and foster solidarity and justice,
become climate neutral, and sustainably manage natural resources (in 2022 December 13
European Parliament Resolution, 2023 ).

The development of a sustainable food system is a broad research problem that in-
volves identifying the links between the sustainable development of the food system and
the objectives of sustainable development based on the concept of sustainability and is
closely linked to the methods of assessing economic socio-environmental processes. The
results of solving this problem are of great importance to the development of theoretical
models for a systematic assessment of the development of a sustainable food system.

Object of research

The object of the research is the sustainability dimensions of the Lithuanian food system
(social, economic, and environmental). These dimensions are reflected in the vitality of
supply chains, gender equality, generational renewal, food loss, and water footprint.

Aim of the dissertation

The dissertation aims to develop and empirically approve a methodology for assessing the
sustainability of the food system.
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Tasks of the dissertation

The following tasks of the dissertation were solved to achieve the aim of the research:

1.

To identify objectives for the sustainable development of the food system and
their links with the objectives of sustainable development.

To identify indicators to assess the achievement of the objectives of the sus-
tainable development of the food system.

To analyze the instruments for assessing the sustainability of the food system
and develop a methodology for assessing the sustainability of the food sys-
tem.

To empirically approve the methodology for assessing the sustainability of
the food system that evaluates the sustainability of the food system in Lithu-
ania.

Research methodology

In the dissertation, a mixed methodology is applied, combining surveys, statistical analy-
sis, expert assessments, and multi-criteria decision-making methods. This methodology
makes it possible to systematically and thoroughly examine the problems of sustainable
development of the food system from an economic, social, and environmental point of
view and at different levels of governance.

Scientific novelty of the dissertation

The following new results were obtained for the science of economics during the prepa-
ration of the dissertation:

1.

The concept of assessing the sustainable development of the food.

Systematized and operationalized indicators and measurement methods for
assessing the sustainability of the food system.

The methodology is based on the use of quantitative methods designed to
systematically assess the development of a sustainable food system, consid-
ering the adequacy of supply chains, social equity, and environmental neu-
trality.

The complex assessment of the food system’s sustainability using Lithuania
as an example.

Practical value of the research findings

1.

The developed assessment methodology responds to the challenges facing the
food system and allows for a holistic assessment of the development of a sus-
tainable food system.

The proposed methodology can be adapted to assess the sustainability of the
food system in other European Union countries, implementing the EU’s long-
term vision for rural areas.
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3. The dissertation results can be applied to constructing managerial, financial,
and administrative interventions and developing strategies that mitigate
and/or eliminate sustainable development problems of the food system and
their negative effects in Lithuania and other European Union countries.

Defended statements

1. Changes in the sustainability of the food system are assessed systematically
through the three dimensions of sustainability (economic, environmental, and
social), based on the European Union’s long-term vision of rural areas, which
aims to create conditions for the transition to a sustainable EU food system.
Such a system would ensure food security and access to healthy products de-
rived from the sustainable use of the planet’s resources.

2. Itisappropriate to assess the sustainability of the food system considering the
growth of economic and social indicators in supply chains and the decline in
environmental indicators.

3. The development of Lithuania’s sustainable food system is sufficient in terms
of adequacy of supply, social equity, and environmental neutrality.

4. The proposed methodology can be modified for different contexts (regions,
levels of governance, and subsectors of agriculture).

Approval of the research findings

The research results have been published in six scientific articles in Web of Science data-
bases in referenced scientific journals.

The research results were publicized at three international scientific conferences:

VI International Science Conference SER 2023, Igalo, Montenegro;

—  Continuous international scientific conference “Challengers of Economics, Ed-
ucation, and Society Development in the Nordic—Baltic Countries and Beyond”
of the Nordic Association of Agriculture Science (NJF), 2023, Vytautas Magnus
University Agriculture Academy, Kaunas, Lithuania;

— V International Science Conference SER 2022, Igalo, Montenegro.

The research results were also presented at:

Research internship at the Institute of Food and Resource Economics at the Uni-
versity of Copenhagen (2023, internship duration — three months);

— Doctoral student seminars of Vilnius Gediminas Technical University (VIL-
NIUS TECH);

— The series of scientific seminars of the name of Prof. VVladas K. Gronskas, orga-
nized by the Institute of Social Sciences and Applied Informatics of the Kaunas

Faculty of Vilnius University, 19 September 2024.
Structure of the dissertation

The dissertation consists of an introduction, three chapters, general conclusions, lists of
used literature, and the author’s publications on the dissertation’s topic.
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The entire dissertation consists of 166 pages; the text uses 16 numbered formulas, 8
figures, and 6 tables.
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1. Sustainability of the food system in the context of the long-
term vision for the EU’s rural areas: analytical literature review

The First Chapter provides a research analysis on the sustainable development of the food
system, analyzes research aimed at revealing the relevance of a sustainable food system,
and identifies the dimensions of a sustainable food system. The chapter discusses meth-
odological approaches to measuring the sustainability of the food system in the context of
the European Union’s long-term vision for rural areas. It distinguishes dimensions of as-
sessing the sustainable development of the food system and the methods of measuring
them.

A guantitative assessment scheme for the sustainable development of the food sys-
tem was based on a three-dimensional model of sustainability, which combines several
economic theories (Saharum et al., 2017). The economic dimension of sustainability is
based on the provisions of resource efficiency and long-term sustainable economic
growth. The nature of the social dimension of sustainability is revealed by the theory of
social justice, and the theory of management of natural resources is revealed by the envi-
ronmental dimensions. The classical illustration of sustainability is reflected in the Venn
diagram (Lausanne, 2008; Holden et al., 2017), depicting the interaction of three dimen-
sions, e.g., economic, social, and environmental. Although the VVenn diagram of sustaina-
bility does not assess the limitations of natural resources well, i.e., that people, other spe-
cies, the market, politics, and all development must function without violating the balance
of natural resources (Willams, 2008), it is important to note that for determining quantita-
tive estimates, scientists make assessments that follow precisely from the model of the
concept of sustainability visualized by the Venn diagram (Keiner, 2005; Adams, 2006,
Schader et al., 2016; Becker et al., 2016; Ben-Eli, 2018).

The theory of sustainability and its three-dimensional (economic, social, and ecolog-
ical) system are recognized as the most reflective of inter-system linkages and interactions
and are suitable for their assessment (Allen et al., 1991; Smith, Smithers,1993; Lausanne,
2008; Ciegis et al., 2015; Epstein et al., 2015). The interactions between the combined
dimensions of social and economic sustainability create justice, social and environmen-
tal tolerance, as well as environmental and economic viability (Lausanne, 2008).
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The findings of numerous studies have revealed that an essential feature of food sup-
ply chain management is vitality or the dynamic transformation of food supply chain struc-
tures to adapt to ensure long-term existence (Zhao et al., 2019; Dolgui et al., 2020; Dolgui
and Ivanov, 2021; Hofman & Langer, 2020; lvanov, 2020ab; Ivanov & Dolgui, 2020ab,
2021; Ivanov, 2021). However, the literature does not provide a concrete and validated
assessment of viability-enhancing measures for food supply chains, although measures to
increase viability have been proposed (Song et al., 2018; Zhao et al., 2019; Liicker et al.,
2019; Paul & Chowdhury, 2020; Sawik, 2019, 2020; Gunessee & Subramanian, 2020;
Gupta & Ivanov, 2020; Ivanov & Dolgui, 2019, 2020a; Wade & Bjerkan, 2020; Wieland,
2020; Zouari et al., 2021; Azadegan & Dooley, 2021; Balesezentis et al., 2023). The ana-
lyzed scientific literature revealed that the concept of supply chain viability is all-encom-
passing and includes supply chain resilience, sustainability, and mobility. In this sense,
the viability of the supply chain means not only a short-term orientation towards a return
to the situation before the crisis but also a long-term transition to a “new normal.” The
viability of the food supply chain can be analyzed by applying existing methodologies and
concepts. However, not all measures to assess sustainability, mobility, and resilience can
be directly applied to food supply chains. The selection of appropriate assessment tools is
essential for distinguishing between measures to improve the sustainability of the food
supply chain and strategies to implement them.

The concept of young farmers is quite widely reflected in the scientific literature
(Koutsou et al., 2014; Kan et al., 2019), especially in the context of the EU’s common
agricultural policy (Schimmenti et al., 2014; Bournaris et al., 2016; May et al., 2019), as
well as analyzing the social component of sustainability (Coldwell, 2007; Sponte, 2014).
It is recognized that young farmers are one of the most vulnerable target groups in agri-
business, and therefore, additional support measures are needed to strengthen their capac-
ity (Emmerling & Pude, 2017). Support for young farmers is not only a prerequisite for
increasing the level of farmer education (Micu, 2018) but also a means of stopping emi-
gration from rural regions of new EU Member States (Kahanec & Zimmermann, 2016).
The downward trend of young farmers is recognized in the EU as a threat to all European
agribusiness, which presupposes doubts about the EU’s ability to ensure food security
(Kontogeorgos et al., 2014). In addition, the phenomenon of young farmers ensuring a
sustainable food system is also revealed because young farmers are more open to change
and higher education, and this leads to greater farming efficiency (Pechrova, 2015;
Mwaura, 2017; Ustaoglu & Williams, 2017; Zagata et al., 2015). The tenuous relationship
between the ability to absorb innovation, the ability to take risks in business, and age is
justified by Papadopoulos (2017). It is noticeable that the new economy is largely based
on the individual with the knowledge and skills necessary to create and maintain a busi-
ness. In the case of Lithuania, the participation of young farmers in the food system also
determines its increasing level of sustainability (Volkov et al., 2019). The insights from
the literature analysis on the issue are also reinforced in the context of the EU’s common
agricultural policy, where young farmers and gender equality are universally recognized
as essential for the sustainability of the European food system in the long term and support
for young farmers is one of the strategic directions of support (The Long-term Vision for
the EU’s Rural Areas, 2021). Therefore, when assessing the social dimension of the food
system’s sustainability, it is necessary to consider the gender behaviour of young farmers
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when deciding on the viability and sustainability of farming, as well as to assess the impact
of public policy interventions and their future expediency.

The scientific literature notes that gender equality is very important for economic
development (Cleven & Landais, 2017). Therefore, efforts are made to ensure gender
equality, as it promotes and maintains economic growth (Kennedy, 2018) and social de-
velopment (Farre, 2013) and promotes justice in societies (Cornwall & Rivas, 2015). Ag-
riculture is one area where gender inequality is evident (Collins, 2018). Significant gender
differences in agriculture are also observed in the EU (EIGE, 2015). Initiatives to integrate
gender policies have been found to be less effective in agriculture (Acosta et al., 2019).
Female farmers face greater difficulties in obtaining funding for the modernization of their
farms (Huyer, 2016). There is a gender gap between male and female farmers in terms of
access to agricultural knowledge (Zossou et al., 2017) and training (Mudege et al., 2017).
It is also seen as an obstacle to the successful implementation of climate-smart agricultural
practices (Nelson & Huyer, 2016).

The food system has a multifaceted impact on the environment. Among them is the
pronounced use of resources such as land, water, and energy. For various reasons, not all
the food produced is consumed by humans, so part of it is lost (Neff et al., 2018). When
food is lost, all the resources used for its production are wasted. A FAO (2019) study
revealed that about 24% of agricultural products intended to be used for human consump-
tion do not reach the next stages of the supply chain, which means that water, land, and
energy resources are also wasted to a similar extent. Water, as an important raw material
for agricultural systems, with increasing demand for food, can become a limiting factor
(Strzepek & Boehlert, 2010). Researchers (Stuart, 2009; Foresight, 2011; FAO, 2011a;
Lipinski et al., 2013) stress the importance of food loss and waste and the need to reduce
them to improve food security and food sustainability systems. From an environmental
point of view, food losses and food waste account for more than a quarter of the total use
of wasted and limited freshwater resources by consumers. The water footprint is one of
the main indicators, among others, such as the carbon footprint or land use, which assess
the sustainability of the food system. The impact of food losses and waste on water re-
sources can be quantified by the water footprint, so measuring the water footprint is an
effective tool for achieving a sustainable food system and promoting its development. The
analyzed scientific literature revealed some limitations of the studies conducted, which do
not allow for a better understanding of the dynamics of the water footprint since most of
the existing studies were based on coefficient-based analysis of water traces of specific
crops, without measuring changes in the structure of the crop. In addition, in most cases,
the analysis of the decomposition of the index was ignored as an analytical tool. Therefore,
the dissertation aims to expand and apply the analysis system of the index decomposition,
which also includes the structural component. The impact of the latter is likely to play an
important role in regions undergoing significant changes in the structure of crops. This is
relevant in the case of Lithuania, where direct payments granted by the EU CAP have led
to a sharp shift in the structure of crops towards crop production, particularly cereal pro-
duction.
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2. Methodology for assessing the sustainability of the food
system

The Second Chapter examines the instruments for evaluating the sustainable development
of the food system, their applicability to the assessment of the sustainable development of
the food system, considering the context of the European Union’s long-term vision for
rural areas, and provides a methodology for assessing the sustainable development of the
food system.

The methodology was constructed to assess the impact of the viability of food supply
chains on the sustainability of the food system. It is based on an expert assessment tech-
nique, the results of which were further processed using Monte Carlo modelling (Kalos &
Whitlock, 2008) as a calculation algorithm based on statistical modelling and the pro-
cessing of the results obtained by statistical methods to assess the probabilistic variations
of the results and increase the accuracy of the analysis. The developed methodology makes
it possible to assess the impact of different scenarios on the viability of supply chains
based on many criteria. The practical application of the proposed system is linked to the
fact that the viability of all stages of the agri-food supply chains is assessed separately and
can, therefore, be applied to both short and long-agri-food supply chains. The expert sur-
vey results were aggregated, tested, and analyzed. The utility function has been applied to
summarize ratings and express the impact on the viability of the supply chain in numbers.
In this way, the impact of the two crises on primary production and processing is assessed.
The criteria for the viability of the supply chain were selected and based on the results of
an expert survey. According to the survey results, thirteen such criteria were found, ten of
which have a positive effect, and three of them have a negative effect. Increasing the val-
ues of the criteria, respectively, increases or decreases the viability of the agri-food supply
chain. Experts were asked to assess how each criterion evolved considering the challenges
posed by the COVID-19 pandemic in 2020-2021 and the military conflict in Ukraine in
2022 for the supply chain separately for primary production and processing. Experts gave
ratings from -5 to +5 points on the Likert scale. The expert assessments found difficulties
faced by agricultural and food producers and processors in the context of the COVID-19
pandemic and the war in Ukraine. The OWA-ordered weighted average, proposed by Ya-
ger (1998), was used for the study. OWA summarizes several types of measures and al-
lows for assigning weights to the specified parameters or the statistics obtained (e.g., ad-
justed expert ratings from the highest to the lowest). When adjusting the parameters of the
functions used in aggregation, only the extreme values can be considered or only the mid-
dle of the range, as is the cropped average. Each parameter can be assigned a different
weight. In addition to the impact of extreme values, expert assessments need to be harmo-
nized. Additionally, expert evaluations are aggregated using POWA — Power Ordered
Weighted Average proposed by Yager (2001).

The impact of generational change and gender equality on the sustainability of the
food system was assessed using a structured survey as one of the quantitative research
methods. This is a popular and proven way to get this type of information (Lee &
Coulehan, 2006; Sadi & Basit, 2017; Garcia-Holgado et al., 2018; Dahlerup, 2018). The
guantitative survey method is chosen to collect the most representative data and the most
objective information possible. The questionnaire for young farmers was designed to as-
sess the social, business performance, and management characteristics of support, both in
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general and by gender comparison. The questionnaire also covered the extent of partici-
pation in support measures for young farmers of different sexes and the desired impact of
support payments on young farmers in Lithuania, considering gender. In addition, the pro-
portion of respondents requesting certain counselling services was analyzed. The ques-
tionnaire for young farmers was designed to ensure the assessment of the demographic,
social, business, and support management characteristics of the respondents by processing
the data. All these qualities are important for defining the behaviour of young farmers,
deciding on the viability and sustainability of farming, as well as in helping to assess the
impact of public policy interventions and their future expediency. In addition, the answer-
ing options have been designed to assess all aspects of the sustainability approach. The
survey was conducted using an online questionnaire, which was interactive and adapted
for convenient remote filling. The link to the survey questionnaire was distributed through
the agricultural departments of Lithuanian municipalities. The T-test was used to identify
differences in the needs of young farmers of different sexes, the objectives of support, and
their receipt since it identifies the difference between two variables from the same popu-
lation. The Chi-square test was used to determine whether there is a statistically significant
association between two categorical variables. A correlation analysis, the Kruskal-Wallis
test, was also applied.

The Index Decomposition Analysis (IDA) method was used to assess the impact of
food loss and water footprint on the sustainability of the food system. IDA is based on the
logarithmic index of the mean. Data on crop yield and water footprint are combined to
isolate specific factors contributing to its changes over time. The IDA method is widely
used in various fields, especially energy research (Xu & Ang, 2013). This method is char-
acterized by flexibility, since it allows you to create models that combine several variables
and can be applied at various levels of aggregation, depending on the available data. Dur-
ing the study, the analysis of the decomposition of the index was applied to explain the
changes in the water trace associated with the loss of food in agriculture. Since the coef-
ficient of the water footprint is determined per ton of agricultural product, it is considered
that the yield and the losses associated with it determine the trace of food losses in the
water at the stage of primary production. Since this analysis is applied to the Lithuanian
agricultural sector, food losses were adjusted by assessing the food losses indicated in the
balance sheets of agricultural products provided by Statistics Lithuania, considering only
the share of products produced in the country in the period 2003-2021. In this way, the
dynamics of the water footprint related to food losses in primary production (e.g., in the
agricultural sector) in Lithuania were assessed. The importance of measuring crop diver-
sity for the study was determined by the fact that it affects the term of adjustment of the
structure of the crop and reflects the implementation of the crop diversity goals on which
the concept of sustainable agriculture is based. The Herfindahl-Hirschman index is one of
the most striking measures of concentration. It can be normalized (Owen et al., 2007) to
set the minimum and maximum concentration limits, respectively.

3. Empirical study of the sustainability of the food system

The Third Chapter reveals and presents the impact of the supply chain viability, gender
equality, and generational change, as well as food loss and water footprint, on the devel-
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opment of a sustainable food system in Lithuania. For the systematic analysis of a sustain-
able food system, a mixed methodology is applied, combining surveys, statistical analysis,
expert assessments, and multi-criteria methods according to a constructed methodology
that will allow for a systematic assessment of the impact made by sustainability dimen-
sions on the development of a sustainable food system.

The results of the assessed impact of the viability of food supply chains on the sus-
tainability of the food system revealed that energy consumption has the biggest negative
impact on the viability of the supply chain in the face of crises. As a result, declining
profitability was a major problem for all supply chain actors. The study results showed
that the impact of crises may be uneven for supply chain participants depending on their
specialization, management intensity, farm size, sales channels, and product characteris-
tics. On the other hand, the study results also showed an increase in the output, which
means that the supply chains remained continuous and attests to their viability and, con-
sequently, the positive impact on the sustainability of the food system.

The developed analytical model and the survey results show that the constructed al-
gorithm can be adapted to different scenarios of crises and individual sectors, providing
their detailed assessment. The evaluation results can be used to develop a support frame-
work that stabilizes the viability of actors in the food supply chain during crisis periods.
The study results suggest that the compensation amounts from public funds can be ad-
justed.

As for the effects of the COVID-19 pandemic, the study results showed quantita-
tively similar potential losses in the viability of the supply chain at the primary production
stage and the processing stage. Thus, the pandemic crisis may have had similarly severe
negative consequences for both farmers and processing companies.
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Fig. S3.1. Empirical distribution of the impact of crises
on the supply chain’s viability

The expert assessment of the impact of resilience, sustainability, and mobility strat-
egies on changes in the viability indicators of agricultural supply chains has shown that
innovation strategies can influence a wide range of indicators for determining the viability
of agricultural supply chains. Measures related to the innovation strategy are, therefore,
key when effective measures are proposed to ensure the viability of supply chains. In ad-
dition, the application of individual strategies for resilience, sustainability, and mobility
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(cooperation, diversification, innovation, and knowledge renewal) can have different im-
pacts on individual indicators of viability and the overall viability of individual subsectors
of the agricultural sector. Therefore, when designing policy measures to mitigate both the
negative consequences of COVID-19 and the possible negative consequences of other
possible crises, it is appropriate to increasingly base them on a sectoral approach, i.e., to
develop separate support schemes and packages for individual subsectors of the agricul-
tural sector, assessing their current viability.

The results of the assessment of the impact of generational renewal and gender equal-
ity on the sustainability of the food system revealed that payments to young farmers, re-
gardless of the size of the farm or the type of farming, contribute to the diversification of
farming activities, reducing sensitivity to changing consumer needs and market uncer-
tainty, thereby enabling the food system to become more flexible and adaptable. The in-
vestments made in the financial support initiative for young farmers, aimed at increasing
the capacity of farmers to process their agricultural produce to create higher value-added
products, are in line with the CAP’s 20212027 objective of shortening agricultural supply
chains, thereby increasing the sustainability of the food system. The identified need for
advice on the development of a business plan indicates that young farmers are more pro-
duction-oriented and lack the knowledge necessary for entrepreneurship, and this can be
considered a threat to the development of a sustainable food system. The results of the
study show that the size of the farm plays an important role in shaping the demand for
specific consulting services. This demonstrates the need for advisory models, whereby
economic and environmental aspects cannot be equally covered for both small and large
farms managed by young farmers, with equal support.

Table S3.1. Achieved impact of direct payments on young farmers in Lithuania *

Variable Male Female
Income level support 4.32 4.27
Finding new markets 2.9 2.94
Diversification of farming activities 3.32 3.3
The decision to continue farming 3.8 3.84
Setting up in rural area 3.48 3.42
Investing 3.87 4.08
Create new workplaces 3.09 3.19

* The five-point Likert scale is applied; the t-test is used for comparison.

The study found that direct payments under the financial mechanism for supporting
young farmers have a much greater impact on small farmers. Therefore, it can be said that
this form of financial support is more like a social support measure, which creates the
prerequisites for a positive impact on the social aspect of the sustainability of the food
system. To increase the effectiveness of this financial intervention, more attention should
be paid to small and medium-sized farms in the context of public support.
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Table S3.2. The Desired Impact of Support Payments on Young Farmers in Lithuania*

Variable Male Female Total
. ) 295 63 358
Expansion of crop production
77% 72% 76%
) ) ) 138 26 164
Expansion of livestock production
36% 30% 35%
) ) 125 30 155
Processing of the production
32% 34% 33%
) o ) ) 24 10 34
Expansion of activities alternative to agriculture
6% 11% 7%
) ) 43 9 52
Adaptation to climate change
11% 10% 11%
. . 6 4 10
Adoption of quality assurance systems
2% 5% 2%

* Differences are tested using the Chi-square test.

The survey results revealed that gender equality in Lithuanian agriculture is satisfac-
tory. The study results showed that the increased participation of women in agriculture
could lead to greater social sustainability of the food system since, as a rule, more women
than men have higher education. However, the use of this potential is still limited by the
fact that agriculture is considered a men’s business. The demonstrated increased tendency
of women to innovate compared to men and their interest in expanding beyond the tradi-
tional field of agriculture is very important for ensuring the long-term sustainability of the
agricultural sector, as it is recognized that this requires a multi-level diversification of
products, activities, and financial sources. The increased environmental awareness of
women is also considered important, as it creates the prerequisites for easier adaptation to
climate-advanced methods of agricultural activity.

The assessment also focused on the impact of food loss and water footprint on the
sustainability of the food system. In the empirical study, the application of the water foot-
print assessment criterion expanded the scope of the water resource assessment by adapt-
ing the traces of blue, green, and grey water associated with food losses in the food system.
The empirical study examined the impact of food losses on the environment in the crop
production sector, which dominates Lithuanian agriculture. The data of Statistics Lithua-
nia for the period 2003-2021 were used. Thirty-one agricultural plants were identified
according to the FAOSTAT codes for the products for which a trace of water has been
established. The water footprint per ton of crop production was used based on data com-
piled by the Water Footprint Network.
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Fig. S3.2. Dynamics of food losses, HHI, and water footprint (WF) in Lithuanian
crop production in the year 2003-2021 (2003 = 100)

The calculations revealed that the changes in crop production areas, the intensity of
production, and the losses suffered in crop production led to an increase in the footprint
of green and grey waters in 2003-2021. At the same time, the crop concentration factor
has also increased, which shows that since 2008, due to the direct income support provided
to farmers, the development of crop production in Lithuania has accelerated. This has led
to a decline in biodiversity. As a result, the food system’s environmental neutrality has
been less and less ensured, e.g., its sustainability has been reduced.

General conclusions

1. The conducted systematic literature analysis revealed that the concept of the food
system’s sustainability is a complex, multifaceted construction. The dissertation systema-
tizes methods for the operationalization of the concept of the food system’s sustainability,
which vary depending on whether the actual sustainability of the food system is studied
or the potential for sustainability. The results of the systematization revealed that it is ap-
propriate to assess the actual sustainability of a food system based on aspects that measure
its economic, social, and environmental dimensions of sustainability. It is appropriate to
assess the economic dimension by measuring the adequacy of supply chains when as-
sessing the viability of the food supply chain. It is appropriate to approach the social di-
mension from the point of view of social equality, assessing generational renewal and
gender equality. It is appropriate to examine the environmental dimension from the point
of view of environmental neutrality when assessing food losses and water footprint.

2. The new methodology proposed in the dissertation for assessing the sustainability
of the food system includes the following indicators: an indicator for assessing the eco-
nomic dimension, the resilience, and mobility of food supply chains; an indicator for as-
sessing the social dimension, e.g., the behaviour of young farmers (from a gender perspec-
tive) in decision-making on the viability and sustainability of farming, as well as in helping
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to assess the impact of public policy interventions and their future expediency; indicators
for assessing the environmental dimension, i.e., green, grey, blue trace of water and the
concentration coefficient of crops. The identified indicators affect the measured aspects
of a sustainable food system, both directly and indirectly, and both positively and nega-
tively.

3. The systematized methods for assessing the actual sustainability of the food sys-
tem depend on the sustainability dimension under consideration and the aspects that reveal
it. It is appropriate to assess the actual sustainability of the food system through the growth
trends of criteria reflecting the economic and social dimensions of sustainability and the
downward trend of indicators reflecting the environmental dimension. The scientific lit-
erature analysis showed that the direction of impact of individual criteria affecting the
sustainability of the food system depends on changes in the behaviour and structural con-
ditions of the entities involved in the food system; therefore, in the dissertation, a mixed
methodology was developed and applied, combining surveys, statistical analysis, expert
assessments, and multi-criteria methods. Such access makes it possible to systematically
examine the problems of the development of sustainable food systems from economic,
social, and environmental points of view and at various management levels.

4. The dissertation assessed the sustainability of the food system in a complex man-
ner, using the example of Lithuania. The development of a sustainable food system in
Lithuania, assessing the adequacy of supply chains, social equality, and environmental
neutrality, is more sufficient than insufficient. It has been established that the Lithuanian
food system, to achieve its sustainability, faces challenges in ensuring social equality (in
terms of generational renewal) and environmental neutrality.

Recommendations

1. Assessment of the viability of the agrifood supply chain indicated that economic
agents operate and specialise in different sub-sectors. Also, certain heterogeneity may ap-
pear within the sub-sectors. Thus, it is recommended to continue the research by examin-
ing a larger number of groups representing diverse agents of the agrifood sector. Increas-
ing the number and diversity of the participating experts is also recommended when
evaluating chain viability.

2. Analysis of the generational change in the context of the CAP focused on the
younger farmers. Indeed, this may limit the identification of the problem relevant to other
age groups. Therefore, it is recommended to include more groups of farmers of different
ages in further research and to increase the research sample.

3. This study is useful for the analysis of support policies as it allows for the identi-
fication of the most pressing challenges that hinder the sustainability of the food system.
It is recommended to adapt the constructed systems of indicators and the developed meth-
odology based on the application of quantitative methods to different crisis scenarios and
individual sectors and subsectors, providing a comprehensive assessment of them. Based
on the research results, it is recommended to adjust the amounts of compensation from
public funds.

The methodology developed and adapted in the course of the study is recommended
to be applied at different levels of food system management: the national governments of
the EU Member States and the European Commission in constructing support schemes
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and measures for the implementation of the EU’s common agricultural policy and their
intervention logic according to the specific state of sustainability of the food system in
each EU member state, to achieve the long-term sustainable development goals of each
EU member and, at the same time, of the EU as a whole.
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